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“ MALE ANP FEMALE CREATED HE THEM 
The dual nature of life-^-and its essential unity— is clearly demonstrated in the 
characteristics of Man and Woman. Functionally and biologically, as well as menu 
and spiritually, each is complementary to, and provides the fulfilment of, the oti 
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Wonders are manyy and none is more 
wonderful than man. 

SOPHOCLES. 


Here is unfolded to us a new and 
astonishing world. 

SIR WILLIAM CROOKES. 



Preface 

fT^HE lium of today is not the anatomy of 1880, which 

I began with the statement: “The human body consists of a 
head, a trunk, and limbs nor is it the biology of 1900, which 
started off with the assertion: “ The cell is a small mass of protoplasm 
with a nucleus in the centre.” The human biology of today is the 
jstudy of man as the centre of the world, of an entirely new, hitherto 
uni magined world, which the marvellous discoveries of modern science 
aix gradually revealing. The modern biologist’s laboratory offers 
examples in profusion of astounding scientific achievement: 

A beating heart is suspended from a small apparatus. It has been 
beating perhaps for two weeks, receiving salt from this container, hor- 
mones through these tubes, and oxygen from this small tank. So it can 
go on beating for years— the heart of a dead organism! 

‘A research worker looks into the interior of a tube surrounded by 
a coil condenser* it is an electronic microscope, which can penetrate 
the unknown six times farther than the most powerful microscope. 
Wrdr it he can follow the path of electrons through the nerve tissue. 

T^venty thousand flies in a room, not flying about, but each in its 
small cage, each identified by a number. Parents, children, grand- 
children and great-grandchildren, uncles, aunts, cousins and second 
cousins— each fly carefully recorded and watched over; for with their 
help the mechanisms of heredity are being studied, and on the basis 
of these studies maps of hereditary characters are, being made. 

A mother rat feeding a young rat. Nothing very remarkable about 
.that — until we learn from the biologist that the “ mother ” is a male 
. and not evep the youngster’s father. A male rat, chosen at random, 
which, by tfle magic of modern science, can be turned into a wet nurse, 
producing milk from his breast, tending the young rat with mother 
love — mother love from hoi'mone ampoules! 

These are the kinds of things that the biologist of today must interest 
himself in. Not only are they interesting and exciting, but for those 
with eyes to see and ears to hear they are also full of wisdom of a very 
practical kind — the modern wisdom of life, which enables those pos- 
sessed of it to shape their lives according to the precepts of modern 
science, to increase their abilities, to maintain their health and over- 
come disease, and to live longer and more actively than their ancestors, 
although subject to the more compelling urgencies of our age. 
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THREEFOLD DEVELOPMENT OF MAN 
Fig. L The human body develops from the three germ layers 1, 2, and 5, with the result 
that it contains three distinct systems of organs. • The digestive system develops from 
the inner germ layer; the skeleton, musculature, vessels, and blood from the middle 
germ layer; and the skin and nervous system from the outer germ layer. {See page 24.) 




I. FROM ELECTRON TO MAN 



CHAPTER I 



Life 

ELECTRON, ATOM, MOLECULE. THE SUBSTANCE OF LIFE : PROTOPLASM. 
THE MICROSCOPE. THE CELL. CELL DIVISION. CHROMATIN — THE 
SUBSTANCE OF HEREDITY. BOY OR GIRL? THE SEX CELLS. 


T he body is composed of a great 
many chemical substances, 
which can be broken down into 
elementary constituents known as 
elements. Since the material frame- 
work of the body is derived from 
the environmental medium, within 
which vital organisms live, these ele- 
ments are identical with those found 
in inorganic matter. There are 
ninety-two elements; of the known 
elements not all enter into the forma- 
tion of living matter. Only thirteen 
enter into the composition of the 
human body in any important 
degree, although several others are ‘ 
usually found in small quantities. 

Modern Physics 

According to the ideas of modern 
physics the differences between these 
chemical elements are due to differ- 
ences in the structure of their atoms. 
An atom is conceived of as consist- 
ing of an exceedingly minute central 
nucleus around which rotate nega- 
tive electrical charges termed elec- 
trons. These electrons also enter 
into the structure of the atomic 
nucleus, where they are combined 
with positive charges of electricity. 
The electron may be regarded as 


the ultimate structural element of 
matter. Electrons cannot be seen or 
held in one’s hands, yet we know a 
great deal about them : their size, the 
paths along which they travel, and 
the energies which they develop. Be- 
cause of this knowledge it is possible 
to utilize the properties of electrons 
in various electrical instruments. 

Electronic Microscope 

One of the most recent of such 
apparatuses is the electronic micro- 
scope, in which, instead of light- 
rays, streams of electrons are pro- 
jected against the object being ex- 
amined. The photographic pictures 
obtained by using this instrument 
permit the recognition of structural 
details which would otherwise re- 
main unseen. The electronic micro- 
scope is also extremely valuable for 
the study of the human body. Despite 
the fact that this instrument is of 
recent origin, it has already yielded 
significant results. With the aid of 
the electronic microscope a begin- 
ning has been made in uncovering 
the finer structure of bacteria, just 
as previously the structure of the 
cell had been elucidated through the 
use of the ordinary microscope. It 
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has also made possible the discovery 
of some of those invisible pathogenic 
structures, known as viruses,, which 
cannot he recognized by using an 
ordinary microscope. Furthermore, 
with the help of the electronic micro- 
scope research workers have begun 
to recognize the finer “ ultra-struc- 
ture of muscle and nerve fibres and 
have found that, although the in- 
dividual molecules cannot yet be 
seen, they are arranged in rows and 
in chains. Thus an important ad- 
vance has been made in uncovering 
the still hidden mysteries of life. All 
this is only a modest beginning; these 
are only the first advances into that 
newly discovered territory of the 
electronic microscope, concerning 
which we know as little as Columbus 
and his companions did about 
America when they first saw it. 

Revolving Electrons 

The electrons in an atom revolve 
about the central nucleus, so that the 
atom as a whole may be compared 
to a solar system in which the elec- 
trons revolve around the nucleus as 
the planets revolve about the sun. 
Atoms differ in their structure — that 
is, both in the make-up of the nuclei 
and in the number and position of 
the circling electrons. Depending 
upon its structural arrangement, the 
atom exhibits certain very constant 
properties. The number of en- 
circling electrons varies for each ele- 
ment, from one in the hydrogen 
atom to ninety- two in the atom of 
uranium. Theoretically there are 
as many elements as the maximum 
number of revolving electrons, each 
element in the series of ninety-two 
having one more electron circling 
about the atomic nucleus than the 
one before it. The simplest element 
is hydrogen, the atom of which con- 


sists of one electron revolving aboui 
ihc nucleus; the largest natural 
atomic system is that of the uram'inn 
atom, in which ninety-two electrons 
circle about their central nudeus. 

The revolving electrons of an atom 
occupy orbits at several specific levels 
or distances around the nucleus. A 
certain definite number of orbits can 
be accommodated at each level, d ims 
the innermost level can contain only 
two electron orbits while the sixth 
has room for thirty-two. 

Giant Molecules 

This brief description has been 
presented so that the reader will 
have some understanding of how 
atoms unite to form chemical com- 
pounds, since the ability of an atom 
to enter into combination with other- 
atoms depends on the existence df 
unoccupied orbits in the most distant 
orbit level. Atoms that have un- 
occupied electron orbits are in a 
state of tension and tend to combine 
with other atoms, forming groups 
of atoms called molecules. If two 
atoms of the same kind unite, a 
diatomic molecule is formed. Most 
of the elements consist of diatomic 
molecules. If unlike atoms combine, 
the molecular combinations are 
known as chemical compounds. Two 
hydrogen atoms (Ho) and one oxygen 
atom (O) form the chemical com- 
pound water (H2O). 

However, the chemical structure 
of most substances is more complex. 
Water and salt are the two simplest 
constituents of the human bodv. 
The chemical compounds that are 
immediately concerned in the vital 
processes — sugar, fat, protein, vita- 
mins, and hormones — are composed 
of incomparably more complex 
atomic structures. In the molecule 
of the blood pigment 16,669 attorns 
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are united into one gigantic system, enon of nature: Life, When we at 
Such is the ultimate chemical basis this moment hold this book in our 
of the innumerable chemical re- hands, read these words, and think 
actions in the body that make up the certain thoughts upon seeing these 
life-processes exhibited by proto- black symbols, it is one of the many 
plasm, the substance of life. incomprehensible properties of pro- 


The Substance of Life: Proto- toplasm that enabfes us to do so, 
plasm. We do not know what life Protoplasm is not a chemical com- 
is. No one has yet observed a transi- pound, nor even a mixture of several 



Fig. 2. The most delicate machine in the world: protoplasm. 


tion from inanimate to animate compounds. It is rather a complex 

nature, nor has any theory been pro- organization of highly differentiated 

posed which successfully explains the chemical substances. Therefore, even 

origin of life on the earth. We must the simplest living being — the 

remain satisfied with the fact of life’s amoeba — is called an organism. In 

existence, without being able to ex- order to obtain some idea of the com- 
plain it or even describe it clearly, plicated structure of living matter let 
The substance of which living us compare it with a watch, 
creatures are constructed is called While you are reading this, place 
protoplasm [Fig, s]. On opening a your watch before you and consider 
hen’s egg we observe a small grey the complexity of its mechanism. It 
spot floatings on the yolk. This is the consists of more than a hundred 
fundamental substance, the proto- parts: screws, shafts, cog-wheels of 
plasm of the chick. Look at frogs’ various sizes, springes, hinges, large 
eggs, caviar granules, or the roe of and small levers, a watch-crystal, a 
a herring. This slimy, grey, insignifi- dial, and hands, all systematically 
cant jelly is protoplasm, the most and skilfully assembled in a working 
mysterious and marvellous phenom- mechanism of the greatest precision. 
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Now imagine this watch growing 
smaller before our eyes. Without 
losing any part of it or ceasing to 
function/it becomes as small as a 
lentil, a rice grain, a sugar granule, 
and finally it disappears. If we now 
take a microscope and look for the 
watch at the spot where it vanished, 
we rediscover it. Upon magnifying 
it a thousand times we recognize that 
the watch with all its parts is still 
intact and functioning. Imagine, 
too, that without being wound up, 
it can go on for years and decades. 
Such is the picture which we should 
have in mind when we think of 
protoplasm: an extremely minute 
mechanism, constructed according to 
technological principles, of which, 
even with the aid of our microscopes, 
only the very coarsest parts have been 
up to the present unriddled. 

Structure of Protoplasm 

Protoplasm consists of fifty per 
cent or more of water. This is not 
pure water, but a fluid in which 
various salts are dissolved. These salts 
have a large number of functions; 
for example, they conduct electric 
currents and are consequently the 
bearers of electrical energy in proto- 
plasm. , The dissolved molecules of 
these “ electrolytes ’’ are constantly 
in rapid motion and, like the gas 
molecules in an inflated balloon, 
exert a pressure outward. This is 
known as the solution or osmotic 
pressure, and to it protoplasm owes 
the tension which it possesses. 

Besides the salts various sugars 
are also dissolved in protoplasm. 
These substances unite .easily with 
atmospheric oxygen, and are con- 
sumed in the process, thus producing 
the heat required for the vital 
machinery. A large variety of protein 
compounds provides the internal 


structure of protoplasm; and gum- 
mous substances, dextrins, and 
pasty starches render the mass viscid, 
so that it sticks to a surface. 

Incredible Complexity 

The iron in the protoplasmatic 
mass attracts the respiratory gases 
from the environment and binds 
them; copper and manganese com- 
pounds produce metallic effects; cal- 
cium regulates the size of the pores 
by means of which protoplasm comes 
into contact with its environment: 
alcohol and other stimulants ener- 
gize the organism; vitamins, hor- 
mones, and alkaloids of all kinds are 
also contained in this mixture. In 
short, the grey mass of protoplasm 
seen by the human eye is an ex- 
tremely complex structure. 

The Microscope. The most im- 
portant instrument of biological re- 
search is the microscope. When the 
first microscopists trained their lens- 
tubes on the objects of their environ- 
ment, when they began to examine 
flies, moss fibres, hairs, and chalk 
suspensions, their astonishment at 
the “ Newly Discovered Profusion of 
Nature,” as a contemporary book is 
entitled, knew no bounds. Colum- 
bus and his companions could not 
have been more gratified when they 
first saw the West Indies, nor did they 
disclose a greater realm to mankind. 
A truly new world was discovered: 
the Microcosmos. 

Getting Close to Things 

Let us imagine that people live 
on the moon. Hitherto they have 
seen the earth only from afar 
as a ball with shadowed surfaces, 
generally covered by clouds. One 
day an inhabitant of the moon sets 
out on a trip towards this ball. And 
now where he had previously seen 
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Fig 3 The world of the microscope: fruit mould and fly (upper left) under high 
magnification; (a) the mould threads; (b) the eye of the fly, with thousands of separate 
lenses; (c) the proboscis of the fly; (d) the fly's foot contaminated with rod-like bacilli. 
The microscope is one of the most Important instruments of biological research. 
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oniy indislinct surfaces, he sees con« 
tinents and oceans containing 
isiaiids. As he approaches closer, 
the oceans take on colour, the islands 
become green, and he now recog- 
nizes mountains, rivers, forests, and 
fields. At a height of about a mile 
the traveller from the moon becomes 
aware of cities, bridges, and railway 
lines. Upon descending to about 
two hundred yards he perceives men, 
animals, automobiles, lights, houses 
with windows, while behind the win- 
dows many smaller things are pro- 
bably present which’ he cannot yet 
recognize at that height. 

Through the Microscope 

Very similar is the experience of a 
man who approaches the world be- 
neath him with a microscope. For 
this is the nature of the microscope: 
it is an eye ” with which objects can 
be approached and observed at ex- 
tremely close range. When thus ex- 
amined at close quarters, a fly’s eye 
ceases to be a brown spot and reveals 
itself as a glass-like dome with art- 
fully ground and ingeniously set 
lenses [Fig. 3 (b)]. Milk is no longer 
simply a white fluid, but reveals to 
the microsGopist the millions of sil- 
very fat globules and protein par- 
ticles contained in it. The mould on 
rotting fruit is not grey dirt ” to 
be wiped off, but a garden full of the 
most graceful plants (a). A spider 
grows so large that it assumes the ap- 
pearance of a giant crab, while a 
caterpillar becomes a dragon. On a 
fly’s foot we discover parasites that in- 
fest it like fleas, and on these fly-para- 
sites still others can be found — 
bacilli, which the fly scatters at every 
step (d). Entire flotillas of algae sail 
hither and thither in a speck of sur- 
face soil, and an entire world in- 
habited by fabulous creatures, both 


plant and -animal, can be observed in 
each drop of water taken from a 
flower vase. 

Even man himself takes on a new 
and entirely unexpected appearance 
when examined with a microscope. 
Anyone who looks at a iiiagnilied 
piece of the human body, no matter 
from what part, immediately makes 
one of the great discoveries achieved 
with the microscope in biology: the 
discovery that the human body is 
composed of cells. 

The Cell. Just as many substances 
in inanimate nature, such as salt or 
diamonds, occur only in the form of 
crystals, so the vital substance, living- 
protoplasm, appears as a micro- 
scopically small unit constructed ac- 
cording to certain principles: a cell. 
The cell is the elementary unit of 
life, and all terrestrial life is cell-life. 
No other kind exists. All plants 
from the smallest alga to a mammoth 
tree, and all animals from the lowest 
animalcule to a whale or an elephant, 
are composed of microscopically 
small vital units, cells. A blade of 
grass is a tower, a jellyfish is a glass 
palace, kelp a long chain, and man a 
gigantic structure made up of in- 
credible numbers of minute cells. 

Structure of the Ceil 

Despite their minuteness and 
numberlessness, every cell of the 
human body is a highly complex 
organism and is therefore known as 
the elementary organism of life. 
Some idea of this slructure can 
easily be obtained, for a giant model 
of the cell is to be found in everv 
household. Let us take an egg from 
the pantry, and we have in our hands 
a model of a cell, magnified approxi- 
mately a million times [Fig. 4]. If 
the egg is left in its raw state, we have 
a model of a plant ceil before us (a). 
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The plant ceil consists of a hard ex- 
ternal shell containing a semi-fluid 
protoplasm. The latter is connected 
with the protoplasm of the neigh- 
bouring cells by means of sieve-like 
holes in the shell, just as the chick 
In the egg breathes by means of pores 


in some cases are extremely long. 
vSome cells are highly plastic and, 
since they lack a firm cell wall, are 
able to change their shape almost 
continuously. 

Now let us open the cell model. 
On breaking the egg, the yellow yolk 





Fig. 4. An ideal cell model: a heirs egg. (a) a raw egg illustrating the structure 
of a plant cell; (b) a boiled egg illustrating the structure of an animal cell. 


in the calcareous shell. As the struc- 
tural element of plant life, the cell 
must have a hard shell in order to 
protect the plant against the dele- 
terious effects of wind and sun. If 
the egg is boiled and the shell re- 
moved, we have a model of an animal 
cell [Fig. 4 (b)]. 

The forms of cells are almost in- 
finite in variety. An isolated cell 
tends to be roughly spherical, but 
very few cells retain this shape, be- 
cause of the modifying influence of 
internal forces and external pres- 
sures. xMassed groups of cells are 
more or less polyhedral in shape, as 
any soft masses pressing upon each 
other would be. Many cells attain 
highly specialized forms during the 
embryological stage or in the course 
of the growth processes of plants or 
animals. Some rather extreme ex- 
amples of such specialization are the 
slender skeletal muscle ceils and the 
irregularly-shaped nerve cells with 
their numerous fibre processes, which 


is seen floating amidst the fluid white 
of the egg. A cell presents the same 
picture on a reduced scale [Fig. 5]. 
It is filled with protoplasm, analo- 
gous to the white of the egg, and in 
the centre floats a sphere, the cell 
nucleus (d). On closer examination 
one recognizes clearly that the proto- 
plasm of the cell body (cytoplasm) is 
not a simple chemical compound nor 
simply a mixture of various , sub- 
stances, but an alveolar structure like 
foamy soapsuds. The alveolar spaces 
are not empty, but are filled with 
fluids, protein, sugar, and salt solu- 
tions of various kinds (a). The alveo- 
lar walls consist of firmer substances, 
such as sticky proteins, gluey 
starches, and viscid fats. They are 
not impermeable, but permit certain 
groups of molecules that are not too 
large to pass from one chamber to 
ahother through invisibly fine 
“ molecular sieves.” We must chew, 
digest, and split up our foods into 
their molecular parts because they 
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must later pass through the molecu- 
lar sieves of the cell walls. The 
action of niedicanients, the rapidity 
with which narcotic and analgetic 
remedies take eflect, and the rapid 
action of some poisons also depend 
on their relations to these molecular 
sieves. Calcium, for instance, has a- 
sedative effect because it contracts 
the molecular sieves. The meta- 
bolism of the cell, its ability to carry 
on its activities, and consequently 
all the activities of the individual are 
dependent on the state of the alveo- 
lar chambers. 

The Cell Granules 

Within the walls of the alveoli lie 
granules that present an undifferen- 
tiated appearance to our eyes, yet 
they must actually be formations 
with a delicate and very varied struc- 
ture (b). Some contain iron and bind 
the oxygen of the atmosphere; they 
are the respiratory organs of the cell. 
Others attract the food that has en- 
tered into the cell and store the 
nutritive substances. If the cell 
starves, these storage granules are 
small; when the cell receives food, 
they swell and often become visible 
as oil drops or protein vacuoles (c). 
In gland cells they produce in the 
form of granules those extremely 
complex products which the cell 
secretes as saliva, gastric juice, or 
thyroid hormone. By means of their 
dark pigments certain granules pro- 
tect cells against the extreme effects 
of various forms of radiation, and are 
thus analogous in their function to 
the resistances or transformers of our 
electrical apparatuses. Another 
group of granules controls protoplas- 
mastic movement. They are to be 
found wherever the cytoplasm exe- 
cutes special movements — ^for ex- 
ample, at the roots of the cilia in 
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ciliated cells, between the contractile 
fibres in muscle cells, and near the 
excretory openings of the glandular 
cells. Cytoplasmatic granules can be 
observed with, particular distinctness 
in plant cells. Here tiiey arc sus- 
pended in fine transparent threads 
that traverse the cell. 

The protoplasmatic granules are 
very small A million millions fill 
the space of a cubic centimetre, llie 
human body may contain about fiq 
pounds of such granules. One oi’ 
these granules surpasses ail the others 
exceedingly, in both size and signifi- 
cance, and is called the central body 
(centrosoine) (i). It is so large ihat 
“ only ” one thousand million centro- 
somes could be packed into a pea. 
When magnified about two thousand 
times, one recognizes that it has a 
well-defined structure. It is the 
motor centre of the cell and exerts 
an influence on the protoplasmatic 
granules, arranging them radially 
like a sun surrounded by its rays. 

The Nucleus 

In the centre of the cell lies the 
nucleus, the most highly organized 
part, the central organ of the small 
organism (d). It is a sphere coxered 
by a spirally woven membrane (e). A 
delicate network can be ol^servcd 
within the nucleus, and in it is sus- 
pended a nuclear body (nucleolus) 

(g) . These nucleoli may contain 
special particles termed nucleolini 

(h) . The most important part of I he 
nucleus is a substance which stains 
very strongly with certain dyes and 
is termed chromatin. It was formerly 
believed that the clnx>malin was sus- 
pended in the nuclear network in the 
form of granules and s[)heres, but 
more modern research strongly sug- 
gests that the chromatin substance of 
the living cell exists only as scattered 
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Fig. 5. The cell, the structural element of the human body. A human being is 
composed of approximately thirty thousand million cells similar to the one above. 


granuies floating freely in the nuclear 
iiuid, or is actually dissolved within 
the latter. The form and arrange- 
ment of the chromatin within the 
nucleus may be observed to undergo 
various changes during different 
phases m the life of the cell. These 
changes become most evident during 
the division or reproduction of the 
cell (mitosis). 

Cell Division. The division of a 
ceil is an exciting, one might almost 
say dramatic, process which belongs 


to the most remarkable phenomena 
of nature. It takes place in the fol- 
lowing phases [Figs. 6 and 7] : 

ist Phase (1): The nuclear mem- 
brane becomes indistinct. The cen- 
trosome, situated near the nucleus, 
becomes larger and more prominent, 
and the protoplasmatic granules in 
its vicinity arrange themselves con- 
centrically about it like the rays 
around the bright head of a comet. 

2nd Phase (2): The centrosome 
divides into two parts, and the two 



Arrange six hairpins in a circle a!)<)iit 
a point in such a manner dial ihc 
curved ends of the pins are all direc- 
ted towards the central point. This 
is the situation of the chromosomes 
in the centre of the cell during the 
fourth phase of cell division. Or cut 
an apple or a lemon into two equal 
parts between the two poles of the 


halves move apart, accompanied by 
their rays. The nuclear membrane 
vanishes, and the chromatin particles 
become transformed into a single, 
spirally convoluted strand, called the 
spireme. This chromatin spiral as- 
sumes a central position in the cell. 

3rd Phase (3). The central bodies 
with their rays travel to the opposite 


Fig. 6. The first four stages of cell division, showing formation of the chromosomes 

ends of the ceil and finally face each 
other like the poles of the earth. In 
the course of this journey each cen- 
trosome. has taken with it one half 
of the cytoplasmatic granules. The 
chromatin spiral in the centre of the 
cell then breaks up into a definite 
number of rods, called chromosomes, 
whose number is characteristic and 
constant for all the cells of each 
animal and plant species. The num- 
ber of chromosomes varies from a 
single pair in some forms to at least 
sixty-four in others. In one variety 
of the worm Ascaris megalocephala 
there are only four chromosomes; in 
grasshoppers twelve; the onion, 
wheat, and the guinea pig have six- 
teen; the frog and the mouse, twenty- 
four; and man, forty-eight, 

4th Phase (4): The chromosomes 
arrange themselves radially around 
the equator of the nucleus between 
the poles of the cell, forming a star- 
shaped figure — that is, when viewed 
from either pole of the cell, the V- 
shaped chromosomes look like a star. 


fruit, and the central core with its 
seeds will represent a model of the 
dividing cell. Each chromosome 
now splits lengthwise into two ex- 
actly equal halves, thus doubling 
their number. 

5th Phase (5) : The halves separate 
and, as if attracted by a magnetic 
force emanating from the central 
bodies, bend towards their respective 
centrosomes with their curved ends. 
At the same time the two groups of 
chromosomes begin to .move away 
from each other. 

6th Phase (6): The chromosomes 
pass to the opposite poles and separ- 
ate completely. 

7th Phase (7): After reaching the 
poles the chromosome rods merge 
into chromatin networks similar to 
that seen in the original mother cell. 
The protoplasm of the cel! begins to 
divide in the equatorial plane soon 
after tiie separation of the clironio 
somes. The spirally woven nuclear 
membrane begins to re-form once 
more around the chromatin. 



Fig. 7. The last four stages oj cell division: the original cell becomes two cells 


THE JUST INHERITANCE 


8 til Phase (8): Finally the nuGlear 
iiienibrane becomes complete/ and 
the cell body divides into two separ- 
ate parts. Now two resting cells take 
the place of the single one with which 
the entire pi'ocess began. The 
division of the cell is ended. 

Chromatin — the Substance of 
Heredity. Cell division (mitosis) is 


the chromatin presents the appear- 
ance of a juridical act, and it actually 
is one^ — it is a division of an inherit- 
ance. The entire process of cell 
division could be entitled: the just 
inheritance. Each daughter cell re- 
ceives exactly one half of the chroma- 
tin stock of the mother cell, since 
chromatin is the most important sub- 


a complex process. The process is so 
complicated because the cell itself is 
not so simple as it may appear to our 
coarse senses, but is actually a very 
delicate and intricate organism, 
which, like the human body as a 
whole, does not permit of a rough 
division into two parts, but can be 
divided into two daughter ceils, cap- 
able of carrying on all vital activities, 
only by means of a methodical and 
systematic division of each of its 
‘"organs.” The central point of the 
process is the exact, one might almost 
say pedantic, division of the nuclear 
chromatin. This substance is collec- 
ted at the beginning of division, the 
granules form a convoluted filament 
which is unrolled and cut up into a 
definite number of pieces, and the 
pieces are arranged in a circle as if 
they were being mustered for inspec- 
tion. After being straightened out 
and found to be equal in size, each 
single piece is now divided longi- 
tudinally into two equal halves. 

This extremely precise division of 


stance of the cell. Indeed, it is the 
most important substance in the 
world, for it is the material basis of 
the hereditary characteristics of the 
cell, and consequently of the entire 
organism. Chromatin is the here- 
ditary substance of life. 

The fruit-fly Drosophila has be- 
come one of the most popular 
creatures in scientific research. Over- 
night, so to speak, it has become 
world famous and has attained an im- 
mortal position in the history of 
biology. To be sure, the harmless 
little insect is quite unaware of all 
this. In the cells of this fly, how- 
ever, the chi'omosomes are verv 
large, particularly during mitosis. 
By studying these giant chromosomes 
it was possible to recognize that they 
are composed of a number of sections 
and to determine the nature of these 
parts. The chromosomes are com- 
posed of a number of transverse sec- 
tions. Each section is a genetic ele- 
ment; that is, it contains certain 
hereditary characters grouped to- 
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gether and “ coupled ” in a fixed 
arrangement. Do not ask how this 
is done, because we do not know as 
yet. Nor can we form any idea of the 
actual structure underlying the fact 
that microscopically small sections 
bear hereditary characters within 
themselves. The hereditary groups 
contained in these sections are called 



Fig. 8. The "'chromosome map'"’ indicates 
the positions of the genes in the chromo- 
some, and thus the hereditary characters 
contained in it. In the above map each 
number corresponds to a hereditary 
character of the eye with regard to its 
colour as well as its form. 

genes.” In the fruit-fly each gene 
is only 0,00002 mm. wide; while 
15,000 to 20,000 genes are contained 
in one section of a chromosome. 

The genes are geographically dis- 
tributed within the chromosome. 
Just as one can immediately tell 
when looking at a map of the world, 
even though names are missing, ' that 
this is India and that is Australia, 
here is New York and there Cape 
Town, similarly an expert looking 
at a chromosome in the cell of the 
fruit-fly Drosophila can tell us that 
the factor for wing form is" situated 
here, and there is the location of the 


factor for the lower joint of the an- 
terior extremity. It is possible to 
do this because the arrangement of 
the genes within the chroiuosonie is 
as exact as that of the catchwords in 
a dictionary. 

In man the circumstances are 
essentially the same, but owing to 
various causes it is much more diffi- 
cult to investigate human ceils. 
Human egg cells contain 48 very 
small chromosomes that are difficult 
to differentiate, and these certainly 
contain 10,000 times as many genes 
as the corresponding cells of the 
simple fruit-fly, whose activities are 
restricted to relatively few move- 
ments, sensations and reactions. 

Chromosome Maps 

It will no doubt be a long time be- 
fore it will be possible to produce 
human chromosome charts like those 
of the fruit-fly and other insects. But 
science advances constantly. It re- 
cognizes no obstacle and knows not 
the meaning of never.” The 
science of the future will undoubted- 
ly be able to give us human chroiiio- 
some maps. 

Boy or Girl ? The transmission 
of hereditary characteristics from 
parents to children takes place dur- 
ing fertilization. During this act a 
paternal cell, the sperm, unites with 
a maternal cell, the ovum or egg. The 
union of these two cells gives rise 
to the ovurn-sperm cell, from which 
the child develops. 

The number of chromosomes is 
constant. A simple union of the two 
sex cells would result in a doubling 
of the number of chromosomes. To 
prevent this, however, every germ 
cell passes through a modified mitosis 
to fit it for taking part m the repro- 
ductive process. This modified form 
of cell division is called maturation 
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or ripening of the sex cell. In this 
process the chromosomes do not split 
lengthwise as in ordinary mitosis; 
instead half the chromosomes pass 
to one daughter cell and half to the 
other. Thus the original number of 
chromosomes is reduced by half. 

Sex Cfiromosomes 

Moreover, since the chromosomes 
carry the factors w^hich determine 
the hereditary characters, and no 
two chromosomes are identical in 
composition, it is evident that this 
process is extremely significant for 
the heredity of the future individual. 
The unripe human sex cell contains 
48 chromosomes, the mature cell 
only ^4. 

The chromosomes are arranged in 
pairs. The two carrying the here- 
ditary determiners of the child’s sex 
are called sex chromosomes. In 
female cells they are externally alike 
and are called X-chromosomes 
[Fig. 9]. In male cells they are dis- 
similar. One is an X-chromosome; 
the other, however, differs from its 
partner, being characterized by the 
presence of a hooked end, and is 
called the Y-chromosome (upper 
row). We can tell from the cells 
whether they derive from a male or 
a female. The Y-chromosome is 
found only in males. During the 
maturation division, females form 
sex cells bearing only X-chromo- 
somes. Of the male sex cells one half 
contain X-chromosomes, the other 
half Y-chromosomes (middle row). 
The mathematics of fertilization and 
sex determination is simple. If a 
female cell unites with a male cell 
containing an X-chromosome, a child 
cell with two X-chromosomes is pro- 
duced: a girl. However, if the female 
cell unites with a cell carrying a Y- 
chromosome, a cell containing X -f Y- 


Fig, 9. Boy or girl? Human sex cells with 
X X-chromosomes become girls; only cells 
with XY-chromosomes can become boys. 

chromosomes arises: a boy. This 
simple calculation is the basic mys- 
tery of sex determination. It depends 
solely on the father. All previous 
and in part highly fantastic theories 
are thus superseded. In the future 
it may even be possible to determine 
the sex of unborn children. Not by 
astrology or special elixirs, however, 
but only by exact scientific methods. 
For the sake of simplicity the chromo- 
somes of the fruit-fiy have been re- 



Fig. 10. Fertilization of the egg cell by the first sperm cell to arrive, A view inside 
■the oviduct, where one of several sperm cells can be seen penetrating the much larger 
egg cell At lower right is an enlarged view of this process. 


female, and are consequently carried 
by the female to a portion of the male 
descendants. In such cases we • speak 
of the hereditary factors as being 
sex-linked. 

Two examples of such sex-linkage 
in man are colour-blindness and 
hemophilia. These conditions ap- 
. pear only in male descendants, while 
females do not themselves suffer 
from these conditions, but Serve only 
as carriers. Perhaps it will be pos- 
sible some day to explain various 
specifically male and female charac- 
teristics on the basis of the position 


female sex cell is relatively heavy and 
stationary, so that the sperm must 
travel towards it in the necessary pro- 
cess of getting together. The former 
is a large sphere, the largest cell in 
the body. It has a diameter of 0.2 
mm. so that with good illumination 
it can just be recognized by the 
naked eye as a tiny dot. 

With a weight of 1/200,000 gm., 
the egg cell may appear minute to 
us, but for the microscopic world it 
is a true “ heavyweight. ’’ It is stored 
with granules of sugar, starch, and 
protein for the nutrition of the future 
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presented in Fig. 9 instead of human 
chromosomes. Akually the human 
cell contains 48 chromosomes that are 
very difficult to differentiate from 
each other. The female chromosome 
formula is 46-f 2X, that of the male 
46-hXY. 

Certain hereditary characters are 
borne by the X-chromosome of the 


of particular genes in the sex chromo- 
some. 

The Sex Cells. The male and 
female sex. cells, whose union pro- 
vides the starting point for the de- 
velopment of the child, vary greatly 
in their external appearance, owing 
to the very different parts that they 
play in the reproductive process. d1u‘ 



FERTILIZATION 


15 


organism during the early stages of 
its development [Fig. 10]. 

The male sex cell must travel to 
the female for fert ilization to take 
place, and is liierefore adapted for 
rapid locomotion in a lliiid medium. 
Each sperm cell in man is about 
1/500 of an inch long, and 100,000 
sperms could hnd place in an egg 
cell. When examined under the 
microscope, a number of interesting 
structural details can be discoverecl 
about the sperm cell. 

The Male Cell 

Each sperm cell consists of three 
parts: a head, a middle section or 
body, and a long tapering tail. In 
human sperms the head, has an oval 
shape, somewhat flattened towards 
the apex, so that it appears pointed 
when viewed in profile. The apex 
of the oval is covered by a cap which 
is really a delicate film of cytoplasm 
and is called the head-cap or acro- 
some. The great mass of the head 
consists of chromatin, the hereditary 
material derived from the father and 
containing the multitude of genes 
that go to make up the human char- 
acter. Immediately behind the head 
lies the motor of the sperm cell, the 
centi'osomc. 

/The body or middle of the sperm 
is short and cylindrical in man, and 


has a spiral fibre passing around it. 
From the centrosome another long 
fibre, called the axial lilament, passes 
right through the iK)d\‘ and tail (.)f the 
sperm. The longest part of the cell 
is the tail, which acts as a propeller 
and drives the sperm forward. When 
examined under the microscope in a 
fresh state, the tail is seen to execute 
rhythmic spiral and lateral motions. 

A Perfect Motor 

In order to reach the egg cell, 
this human sperm torpedo must 
traverse a distance of 10 in. This is 
quite a distance for a cell which, 
despite its long tail-piece, is hardly 
1/500 in. long. 

The sperm cell is able to travel 
o.n in. per minute. In ordinary 
circumstances it would take from 
four to five hours to reach its goal. 
Usually, however, owdng to disturb- 
ing conditions in the genital pas- 
sages, it takes much longer to travel 
the same distance. 

During this uncertain journey the 
cell motor may have to run un- 
interruptedly for days — indeed, even 
more than a week. The sperm car- 
ries no reserve fuel tanks with it and 
finds no filling stations for refuelling 
on the way. It must reach its goal 
in a non-stop flight, and it is indeed 
one of the best “ fliers in the world. 







REPTILE, BIRD, ANI MAL— OR MAN ? 

Fig, 11. Not only as an egg but even in the third week of embryonic development man 
cannot be differentiated from a reptile, a bird or other animal. ^The illustration shows 
the embryos of these creatures ^t stages corresponding with the third week in man. 


CHAPTER II 


The Development of Man 

FERTILIZATION. THE DEVELOPMENT OF BODY FORM. THE FORMATION 


OF THE ORGANS. THE BIOGENETIC 

O UR life begins with a sporting 
event—a race. For the genera- 
tion of a human being s ^5 million 
sperms line up for a “ race for life,” 
dash off, and compete with each other 
in an eigiit-hour marathon, whose 
goal is the maternal ovum. This 
marathon is a true race for life. 
Whichever of the 2^5 million male 
competitors reaches the egg cell first 
and fertilizes it wins the prize, the 
grand prize— life. All the others 
must die, for when the first sperm 
cell has penetrated into the egg, the 
surface membrane of the ovum con- 
geals behind it, and all the late 
comers '' must remain outside the 
closed gate, wdiere they swim about, 
twisting and turning, until.they grow 
weary, and die of exhaustion [Fig. lo]. 

Survival of the Fittest 

The race of the sperm cells to the 
egg is a genuine elimination race. 
Whichever sperm most quickly 
traverses the distance and finds the 
hidden egg first and, upon the arrival 
of the ieaciing competitors at the egg, 
still possesses the power to penetrate 
the membrane of the egg most 
rapidly, receives the prize of the 
triply-tried victor and becomes the 
child of its parents. Just as in most 
of our sporting events, this race also 
has its injustices, accidents, mishaps 
and undeserved favours. It is by no 
means always the most valuable 
sperm that propagates itself, and we 


PRINCIPLE. DEGENERATE ORGANS. 

have no right to believe that we who 
have won are “ the elect.” However, 
when considered in terms of the 
many billions of cases that occur in 
actual life, the final result is generally 
a fair one, just as in human sport.. 
By means of the great elimination 
race of the sperms with which human 
life begins, nature effects a selection 
of the fittest, propagating the strong 
and eliminating the weak. 

Moment of Destiny 

After entering the egg the sperm 
throws off its long propeller-tail, as- 
suming once more the appearance of 
a nucleus, while the middle piece or 
body is again transformed into a 
centrosome characterized by its pro- 
minent corona of rays. Like an ice- 
breaker preceding a steamer, the 
latter body opens a path among the 
protoplasmatic granules so that the 
chromatin-laden head can approach 
the nucleus of the egg cell. 

The two nuclei now face each other 
surrounded like two suns by the rays 
of their respective central bodies. 
The chromatin within them appears 
in the form of granules, the granules 
unite to form strands,' and the 
nuclear membranes disappear. The 
chromatin strands of the two cells 
now lie freely alongside of each other 
and begin to mingle. This is a 
moment of destiny in the life of man, 
one of the most important moments 
of his entire life, for at this moment 
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Fig. 12 . A puzzle: what five forms of life would you expect to develop from these 
five separate and independent acts of fertilization? 


his structure is being determined. 
The entire process resembles the 
shuffling and dealing of a pack of 
cards at the beginning of a card game. 
Trumps are dealt here, aces there, 
worthless cards elsewhere, and the 
‘game which now begins, and which 
willy-nilly we must begin with the 
cards dealt us, is the game of life. At 
this moment two entirely different 
people, a man and woman, mingle 
the variegated halves of their charac- 
ters. They come from different 
families that in the course of millen- 
nia have accumulated very diverse 
hereditary characters, as a result of 
repeated mixtures with still other 
families. Thus they may contain 
many harmonious characteristics, 
and just as many dissonant ones.^ It 
is evident that the origin of a human 
being, as a result of the union of two 
individuals, is an involved matter. 


The Dexjelopment of Body Form, 
Shortly after the union of the two 
nuclei, the egg-sperm cell begins to 
divide [Fig. 14]. The initial ceil is 
divided in turn into two, four, eight, 
sixteen, thirty-two cells, until a mass 
of small cells resembling a mulberr}' 
(morula) results. Fluid collects with- 
in this mass so that the ball of cells 
becomes a hollow sphere, called a 
blastula. The sphere grows longi- 
tudinally and becomes flattened, 
with the result that the walls ap- 
proach each other and ultimately 
come to lie close together [Fig. 15]. 
This flat, sole-shapeci structure, with 
its two layers, is called the germinal 
disk, and is composed of the primary 
germ layers. The upper outer one 
is the external germ layer (ectoderm); 
the lower internal one is the inner 
germ layer (entoderm). 

In the mid-line, extending from 
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same when it forms the human body 
from the three Hal gcrin layers. 

First of all, the lower inner germ 
layer bends downwards until the free 
edges meet and grow together, llie 
flat germ layer has become a tube, 
the primitive gut, Avhich passes 
through the human body along its 
long axis [Fig. i6]. 

Then the upper genn layer begins 
to bend, but not only in one direc- 
tion like the lower layer [Fig. 17]. At 
first it bends like the lower germ 
layer with its free edges downwards 


one end of the blastula to the other, 
the two layers are united to an axial 
cord. From this cord a third middle 
germ layer (mesoderiri) grows be- 
tween the two primary ones. 

The human form develops from 
these three germ, layers according to 
very simple principles. What does 
a child do when it wants to make 
toys — little boats, for instance — from 
flat sheets of paper without any tech- 
nical aids? It folds, bends, and 
creases the sheets, fastening the edges 
together. Nature does exactly the 
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^ rise to a larger with many intercellular spares that 
entire embryo, coalesce to lorni hollow tubes, the 
1 of the germ blood- and lyinpli-vcssels (f,). At tiie 
he axial strand same time the blood which fills this 


Fig. 14 . The first hours of human life: the egg cell develops into the hlastidu, which 
is a hollow, circular vessel with walls one cell thick, 

becomes depressed along its centre, vascular system also develops IVom 
while the more laterally situated sec- the mesoderm. Thus bones, muscles, 
tions begin to arch upwards, produc- the vascular system, and tlie blood 
ing a groove (neural groove). The arise from the middle germ layer, 
arched edges continue to grow up- The Formation of the Orgtuis.'l'hn 
wards and towards each other until organs of the body are also developed 
they meet and fuse, forming a tube according to simple principles from 
(neural tube). Our nervous system the three primary tubes and the cen- 
is a tube, which traverses the body tral axial cord, 
like the intestinal tube and parallel I. The organs of the entoderm 
to it. The neural tube does not re- [Fig. iql. The intestinal tube be- 


Fig. 15 . The first days of human life: the blast ula develops into the gastrula by the 
flattening of the vessel till its opposing walls meet, 

main on the surface, but is depressed comes dilated in the middle, giving 
in the process of formation so that it rise to the stomach, which divides ihe 
comes to lie under the integument, intestinal canal into two sections, the 
Man's body is essentially a three-tube anterior (oesophagus) and the pos- 
system. Within a large tube (in- terior portions (intestine). The pos- 
tegumentary tube) hang two nar- terior part becomes greatly elon- 
rower tubes: the intestinal and gated, leading to the formation of 
neural tubes. many loops and coils as a result of 

The middle germ layer fills the the enormous increase in the lengtli 
space between the other two [Fig. i8]. of the tube. 

In the central axis it thickens to bone Not only, however, does the in- 
and forms the skeleton (i). Laterally testinal canal coil up as a whole, but 
the tissues remain soft and develop in each region the internal surface 
into musculature {f). Some of this of the tube begins to develop folds, 
embryonic tissue remains spongy, projecting into the lumen (cavity) of 
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the canal, as well as depressions in its ' secretions as a result of cellular 
wall [Fig. 20]. This folding process activity. At first the gland pits are 
results in the production of the large shallow and simple. Then they grow 
circular intestinal folds, and the deli- deeper, develop secondary branches, 
cate little liair-likc processes (villi) and as a result of this extensive pro- 



Fig. 17 . The upper germ layer forms the integumentary tube and the nerve tube. 


which are situated, so close to one an- 
other that they give the surface of 
the intestinal canal a velvety appear- 
ance [Fig. 20, lower row]. On the 
other hand, the depressions in the 
wall of the tube represent the most 
primitive stage in the development 
of the intestinal glands. Glands are 
essentially involutions of the wall of 
the alimentary or integumentary 
tubes, which produce glandular 


cess of arborization finally give rise 
to such organs as the liver and pan- 
creas that we see attached to the in- 
testine [Fig. 20, upper row]. 

II. The organs of the external 
germ layer. The open ends of the 
neural tube close [Fig. 21]. The an- 
terior end. expands, forming the 
primitive brain vesicle. Owing to the 
restricted space within which it de- 
velops, it becomes flexed and coiled, 



Fig. 18 . The middle germ layer forms the vertebral column (1); on either side oj 
this arise the muscles (2) and the blood-vessels and lymph-vessels (3). 
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20 . The wall of the gut invaginates to form folds and villi (lower row) and 
evaginates to form glands (upper row). 


fined space, and partly to the I'ekition 
between the grey and white matter of 
the brain. The grey matter exists as 
a relatively thin layer in comparison 
with the white matter, which in- 
creases in thickness as the brain 
grows. In consequence the grey 
)Uter layer begins to buckle and fold, 
convolutions of the 

of the intestinal 
also djevelops y arious 
. . Some develop 

s^weat glands and 


vertebi-cc (b), and iias become tlu 
vertebral column or backbone. The 
function of the vertebral column 
and of the skeleton as a whole, is t(. 
protect the “ soft parts ” of the boch 
and to furnish points of fixatio]i loi 
the motor organs of the bodv, the 
muscles. For this reason the develop 
ing backbone or skeletal axis grow.^ 
around and encloses the two tllbe^ 
between which it passes. It gTow.^ 
upwards around the neural tube sc; 
that the latter structure comes to \k 
within the spinal column, and down- 


analogously to the growth of the in- 
testinal tract, ultimately leading to 
the production of the various parts of 
the brain. At first the surface of the 
brain vesicle is smooth, but as the 
process of development proceeds, the 
unequal growth of the various por- 
tions of the brain gives rise to a fold- 
ing of the surface, with the resultant 
production of the convolutions and 


some develop into sebaceous glands. 

III. The organs of the middle 
germ layer. Tlie development of the 
middle germ layer takes a veip differ- 
ent course. It becomes divided info 
segments [Fig. ^>3]. In the solid axial 
cord (a) appears a series of some thirty 
clefts situated one behind another, 
so that the originally smooth rod is 
transformed into a segmented stnu- 


fissures which give the brains of the ture resembling a string of beads, 
higher animals their characteristic The clefts deepen and the segments 
appearance. This process of folding become separated, Tlie axial cord 
is due partly to development in a con- now consists of 33 segments called 


Fig. 19 . The gut (left) expands in the middle to form the stomach (centre)^ while 
the posterior portion develops into the winding intestinal loops (right). 
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Fio. 21. The neural tube folds up and its anterior end thickens and becomes the brain. 


wards to encircle the intestinal tube Blood vessels grow into all these 
with broad bands of bone. These organs as solid cords of cells, which 
bones that encircle and protect the then become hollow and filled with 
viscera are the ribs (c). Inland verte- blood in order to supply the tissues 
brates limbs for locomotion — arms with nutritive materials and oxygen, 
and legs — grow out of this central To keep the blood flowing through 
skeleton. the vascular system a central pump, 

the heart, is developed [Fig. 24]. The 
Harmouioiis Development section of the vascular tube destined 

Thus it is quite evident that the to become the heart bends (a) and 
development of the skeletal axis pro- assumes an irregular S-shape (b). The 
ceeds in an intimate and fundamen- walls of the curved portions come 
tal relationship with that of the into contact (c), grow together, and 
nervous system and the musculature, the intermediary walls disappear (d), 
The segmental arrangement of the giving rise to the thick-walled heart, 
embryonic vertebral column finds its with its several chambers and pas- 
counterpart in the similar arrange- sages, which pumps the blood 
ments of the musculature and the through the vessels (e), 
nervous system, so that when the de- 
velopment of the embryo is com- Triple Germ Layer 
pleted, all three systems, despite their Thus a human being is developed 
complexities in the mature •human from the egg-sperm cell of its parents, 
form, can be derived from this primi- This cell develops into a cell sphere, 
tive segmental or (to use the techni- the hollow sphere becomes a gerra- 
cal scientific expression) metameric inal disk, and from this triple-layered 
arrangement of their components germinal disk develop the three 



Fig. 22. The skin sends out processes which become hairs (“above), or which, by 
developing inwardly, become sweat and sebaceous glands (below). 
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systems of the human body. This 
triple germ-layer system must be com- 
prehended and remembered in order 
to understand the organization of the 
human body. In Figure i it is re- 
presented in its relations to the 
mature human body. Above we see 
the three germ layers at the moment 
when they begin to develop into the 
organ systems: (i) is the inner germ 
layer, from which the digestive sys- 
tem develops; (s) the middle germ 
layer, which gives rise to the bones, 
muscles, and blood vessels; and (3) 
the outer germ layer, from which the 
skin and the nervous system are de- 
rived. Below we see the human 
body separated into the three organ 
systems corresponding to the germ 
layers from which they have sprung. 

Triumph of Research 

This elucidation of the three 
germ layers and their relation to the 
structure of the body is the result 
of laborious research and endless 
scientific controversies over a period 
of many decades. But both the 
labour and the discussion were well 
worth while, for the theory of the 


three germ layers furnished a simple, 
clear, and easily comprehensible 
solution of the riddle of bodily 
organization. 

T/ie Biogenelic Principle, When 
we first survey the development of 
man, everything may appear clear 
and simple. The cell becomes a bail 
of cells; the ball, a hollow sphere; 
the sphere in turn is transfoiined 
into the flat germinal disk witii two 
(later, three) layers. The lower layer 
gives birth to the alimentary Jui)e, 
the upper layer to the neural (ube 
and the integument; the middle germ 
layer differentiates to form the bones, 
muscles, and vascular system. 

Unsolved Mysteries 

Thedevelopment of the human both 
from the combined egg and sperm 
actually takes place along the lines 
described above, but we should be do- 
ing nature an injustice and should 
retain an entirely false picture of the 
entire process if we omitted any men- 
tion of the fact that it is not really 
so simple as has been described. 
Indeed, it is far from simple, being 
in fact a very complex and, in certain 


skeleton. The axial rod ( a) breaks up into the 
which then enclose the nerve tube and encircle the intestinal canal (c). 



HIE BiOGENETlC PRINCIPLE 


FiG. 24. The vascular lube forms an S-ciirve from which the heart develops. 


respects, still undetennined process, 
Qtiierwise einbryologists with ail 
their scientific acumen would not 
have required an entire century of 
intense research and controversy to 
bring clarity into this subject and to 
unravel tlie fundamentally simple 
principles underlying the wonderful, 
one might almost say romantic, his- 
tory of human development. 

Complex Development 

The complexity of human develop- 
ment becomes evident as soon as we 
recall that all the forces determining 
the developmental process reside in 
the extremely minute chromosomes, 
and that all forty-eight taken to- 
gether are not one thirtieth as large 
as this dot {•). Within the insignifi- 
cant-looking, grey human egg, which 
to all outward appearances differs 
from a caviar granule only in that it 
is one hundred times smaller, within 
this grey dot are contained all the 
factors determining the multitudin- 
ous variety of physical and mental 
characteristics of a future human be- 
ing, charactcrisUcs derived in time 
from indisiduals atid families of the 
most diverse kinds. Fluman develop- 
ment is indeed far from simple; it is 
ratlu'r a profoimd, ofiscure mystery. 

When the sperm enters the egg 
ceil, develo])ment liegins, and pro- 
ceeds according to a predetermined 
structural plan. One can very de- 


finitely say : The brain will develop 
from this part, the right eye will ap- 
pear here, and so forth. And yet this 
apparent simplicity . is deceptive. 
Human development is replete with 
unsolved mysteries, so that after ob- 
taining a clear comprehension of the 
general principles of einbryogeny it 
should not be forgotten that obscure 
problems still remain hidden behind 
this apparent clarity. 

One of the most intriguing mys- 
teries of embryonic development is 
connected with the phenomenon ex- 
pressed in the ‘Tiogenetic principle’’: 
namely, that the developmental 
history of the individual is a brief, 
telescoped recapitulation of the his- 
tory of the entire genus. While the 
hypothesis of the “ biogenetic prin- 
ciple ” is no longer accepted at pre- 
sent in the form first proposed by the 
biologist Ernst Haeckel, it still pos- 
sesses a certain usefulness in that it 
enables us to understand some 
aspects of human embryology in re- 
lation to the evolution'of animal life. 

“ Recapitulation ” 

In a sense we “ recapitulate ” the 
prehistory of the human race in our 
physical development before birth. 
'Ihis does not mean, however, that 
all the phenomena of human em- 
bryology ai‘e necessarily connected 
with the evolutionary history of man, 
but simply that the developmental 
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ill the egg-spenii cell stage luaii is 
analogous to an aiuceba. It appears 
llkelv that ail terrestrial life evolved 
from such a unicellular anitx'boid 
foian, dlic next two stages of de- 
velopjnent, the mass of cells (morula) 
and the hollow cell-sphere (blast ula) 
resemble many lower living things., 
both plants and animals, still to be 
found. 

The process by which the two 
primary germ layers arise in lower 
animal forms is known as gastrula- 
tion, and consists in the conversion of 
the single-walled spherical blastula 
into a double-wailed cup-shaped 
structure called a gaslrula. I'he gas- 
trula is formed by an invagination 
or folding in of one side of the 
blastula into its cavity, lliis process 
of gastrulation may be roughly com- 
pared with the pushing in of one side 
of a soft rubber ball. The resulting 
form resembles such animals as sea- 
anemones and jellyfishes. In inam- 
mals, including man, gastrulation is 
modified by the peculiarities of the 
human egg so that it is difficult to 
recognize any aspect of genn-huer 
formation resembling invagination. 
Nevertheless germ-layer formation 
in mammalian embryology may be re- 
garded as being homologous with in- 
vagination in the development of 
lower forms. 

. Finally, the circumstance that dur- 
ing the nine months of intra-utciim' 
life the human embrvo swims 
about ” in a fluid medium appears 
to be both a recollection and an in- 
dication of the fact deduced from, 
geological and paheontological evi- 
dence that the earliest forms ol 
animal life were not terrestrial but 
aquatic [Fig. s6]. Apparently the 
ancestors of the dragon-fly, the mos- 
quito, and the frog were also aquatic 
animals, for their larvae still live in 


stages through which the embryo 
passes arc in general suggestive of the 
historv ol the genus. Only on this 


Fig. 25. As a memento of its aquatic 
ancestors a twenty-day-M human embryo 
exhibits jour gill slits in the neck. 


basis can we obtain sDifie under- 
standing of numerous incidental and 
transitional phenomena and' pro- 
cesses that appear during embryonic 
development, quite contrary to the 
general principle by which nature 
strives to effect all that concerns 
growth and change in as direct a 
manner and as quickly as possible. 



Fig. 26. Human organs which are 
The figures (I— IV) indicate the gill pouches of the fish 

organs in man into which they have developed in the course of evolution. 


water, and their eggs are laid in it. they are relics of a time when the 

The strongest evidence for this ancestors of man lived in an aquatic 

assumption is the fact that on about environment. In addition to tens of 

the twentieth day of embryonic de- thousands of other hereditary factors, 

velopment four pairs of alternating the chromosomes still contain genes 

depressions and prominences appear from this “ fish stage in animal evo- 

in the necks of all modern terrestrial lution. During the earliest -stages of 

animals, including the human em- embryonic development, when the 

bryo. These structures, known as the “ human ” genes have not yet com- 

branchial grooves and arches, are pletely unfolded their formative 

homologous with the gill slits and powers and supplanted the ancient 

bars in fishes — that is, with the primordial animal genes, the latter 

respiratory organs of these animals exert an influence for a short period 

[Fig. 25]. and begin to form various organs. 

Viewed logically, the appearance These organs no longer attain full 
of these structures permits of no ex- development. They appear only in 
planation except on the basis of the an incipient stage, never attain func- 
biogenetic principle: namely, that tional efficiency, and either disappear 
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without leaving any trace or are made 
over to scr\’e some otlier function in 
the human body. A iiunian being is 
not constiiicted like a modern office 
building, as cheaply, (juickly, and 



Fig. 27. Vestigial organs are organs 
which have become superfluous; for exam- 
ple^ the sublingual fold of the tongue (a), a 
relic of man's reptilian ancestors. Another 
example is the vermiform appendix. 

efficiently as possible on the basis of 
a good architect’s plan, but rather 
like an ancient historic edifice to 
which wings and sections were added 
at different times and which was not 
modernized until it was almost com- 
pleted. The old plan provided for 
gills, but today they are no longer 
needed Since then we have moved 
on to the land, so the gill rudiments 
(the branchial structures) are trans- 
formed into new organs, just as on 
buying an old house one may have 
the woodshed rebuilt as a garage. 

Degenerate Organs mid Atavism. 
While the branchial arches and 
grooves are rebuilt, just as outmoded 
gas mantles are replaced by electric 
lamps, other structural souvenirs are 
deprived of their original usefulness 
while retaining their ancient form' 


and remain as useless “ family heir- 
looms ” in various parts of the 
human body. These relics are knowm 
as degenerate organs. Examine the 
inferior surface of your tongue in a 
mirror [Fig. 27]. it will be o!>serve<l 
that beneath the “ modern " muscu- 
lar mammalian tongue is a fold of 
mucous hieml)rane, eleeatetl to a dis 
tiiict vertical fold in the mid-line, 
whose free edges ex!iif)it a number 
of short fringe-like processes. T his 
's all that remains of the older type 
of tongue still found in reptiles and 
amphibians, the kind of tongue with 
which snakes hiss and chameleons 
catch flies. 

Malformations 

Occasionally these degenerate or- 
gans do not remain satisfied wit It 
their roles as ancient heirlooms, but 
develop into complete organs, even 
though they no longer fit into the 
framework of the modern human 
body. They therefore appear as mal- 
formations. Numerous malforma- 
tions in man are nothing but fully 
developed degenerate organs. Some 
children are born with neck clefts 
(cervical fistulas) as a result of imper- 
fect closiu'e of the branchial grooves. 
In other cases nearly the entire bodv 
may be covered with hair. Such cases 
represent a persistence and con- 
tinued growth of the first-formed 
hairs of the embryo that develop over 
the surface of the embryonic bodv 
and are designated as lanugo. Norm- 
ally this souvenir of our animal an- 
cestors is lost for the most part be- 
fore birth. The lanugo hairs that 
are shed during ia^a-ulerine life arc 
found in the fluid with which the 
embryo is surrounded' during this 
period. Since the embryo swallows 
large amounts of this fluid, lanugo 
hairs are also found in its intestine. 


EMBRYONIC RESEMBLANCE 2Q 


' Among the' many, 'rudimentary- 
structures that appear during em- 
bryonic life, the human embryo ex- ^ 
hibits a tail or caudal appendage. 
This process represents the lower 
end of the vertebral column and is ' 
most prominent towards the end of 
the first month of foetal life [Fig. 25]. 
Occasionally this appendage does not 
disappear as embryonic development 
progresses and the child is born with 
a rudiinentary tail [Fig. 28]. 

. RMdle of the Embryo 

The mutual resemblance of all 
higher animals during the earliest 
stages of embryonic development is 
so great that they cannot be diil’eren- 
tiated. Who can tell by simply look- 
ing at them which of the eggs in 
Figure 12 will become a plant, a star- 
fish, or a human being? Cover the 
lower half of Figure 11 and ask any 
of your acquaintances to guess which 
embryo will develop into a horse, 
which will become a bird, and 
which one a lizard? No one will 
be able to give the correct answer ex- 
cept by chance. Not even a profes- 
sor of embryology. In 1828 Rarl 
Ernst von. Baer, the famous founder 
of this science, wrote in liis Entwick- 
lungsgesch ich te der Tiere (Embry o- 
logy of Animals): “ I have two small 
embryos, preserved in aleohol, that 
I forgot to label. At present 1 am 
quite unable to determine the genus 
to which they belong. They may be 
lizards, small birds, or very young 


mammals," The Franco-Anierican 
scientist Agassiz, a determined op- 



Fig, 28. Atavisms or throwbacks are 
superfluous organs that appear in excep- 
tional cases. This photograph shows an 
example of a tail in a human being, 

ponent of the Darwinian theory of 
the origin of species, had a similar 
experience. Having forgotten to 
label a certain embryo, he was un- 
able to assign it to its proper place 
in his collection, much to his own 
discomfiture and the ill-concealed 
delight of his Darwinian colleagues. 



THE ORGAN SYSTEMS OF THE HUMAN BODY 
(1) The skeletal system; (2) the musculature; (3) the clr 
iiph system; (5) the excretory organs (lungs and kidneys); 
(7) the endocrine glands; (8) the nervous system; (9) 
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CHAPTER 111 

Connective Tissue and Fat 

CKLL TISSUE. MUCOUS TISSUE. CO.NNECTn'E I'lSSUK. IvEEPIXO 
CONNECriVE I’lSSUE YOUNG. DISTRIBUTION OF CONNECTIVE TISSUE. 
ADIPOSE TISSUE (fAT) AND ITS DISTRIBUTION. FAT AS A FUEL, 
AS PADDING MATERIAL, AS INSULATING MATERIAL. FAT METABOLISM, 


T he simplest structural element 
of a house is a brick [Fig, 30]. 
Bricks are used to erect house walls, 
and upon these in turn are construe 
ted floors, ceilings, and subsidiary 
walls to form rooms. This structure, 
however, is not yet a house, but con- 
sists only of the bare brickwork. 

Organizing the House 

Doors and windows are required; 
the wails have to be plastered and 
papered; floor boarding must be laid 
and covered with rugs or linoleum; 
and finally the building has to be 
\vired for lighting fixtures, as well as 
for bell and telephone systems, and 
plumbing must be installed for heat 
and water supply. But even now the 
house is not yet completed. The 
l ooms thus constructed must be pre 
pared for d^veiling purposes. Groups 
of rooms have to be combined accord- 
ing to a definite plan. Thus an en- 
trance hall, passage, living-room, 
bedroom, kitchen, and bathroom 
may be combined into a flat or 
maisonette. In a large block, still 
another group of rooms may be pre- 
pared as a store, a third group for 
office use, a fourth group as a cinema 
theatre, a fifth as a repair shop. 


The sum total of these different 
rooms and groups of rooms is the 
completed structure, the house. 

The human body is constructed in 
an analogous mannef . Its structural 
element is the ceil. The cells are 
united, giving rise, in short, to the 
tissues of the human body — 
epithelial, muscle, gland, and nerve 
tissues. The tissues form the “rough 
brickwork.’/ During the earliest 
stages of its development the embryo 
consists exclusively of tissues. Later, 
organs are created from the tissues. 
Corridors are laid and doors made. 
Warm-water pipes, as well as electri- 
cal wiring (nerves) to which all kinds 
of alarms (sense organs) are attached, 
wind along the tvalls. 

The Organ Systems 

One of the spaces developed be- 
comes a workshop, another a store- 
room, . a third a photographer’s 
studio like the eye, or a telephone re- 
ceiver like the ear. The rooms with- 
in. the house that have their own 
special arrangements and furnishings 
are known as organs. The heart, 
stomach, and kiclneys are organs. 
Like the rooms in a house, the organs 
do not remain separate, but are 
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Fig. 30. The body is constructed like a house. The cells, representing the bricks (a), 
are built up into tissues, which correspond to walls (b). The organs, grouped into organ 
. systems, may be taken to represent rooms grouped into flats, ( c) and ( d) . 


combined in “ apartments.” The 
“ apartments ” of the body are called 
organ systems, shown in Figure 29. 
Brick, wall, room, apartment are the 
structural units of a house. Cell, 
tissue, organ, organ system are the 
corresponding units of the b()dy. 

Mucous Tissue. Historically, the 
oldest and simplest tissue of the 
human body is of a mucous or gela- 
tinous nature. It is probably the 
oldest tissue in the history of terres- 
trial animal life. The lower aquatic 
animals of primordial times, the 
sponges, sea-anemones, jellyfishes, 
and polyps, all consist almost exclu- 
sively of mucous tissue. During the 
first iponths of his embryonic history 
man is also a mucous creature. This 
tissue occurs in the umbilical cord, 
where it is known as the jelly of 
Wharton, but it does not occur any- 
w'here in the mature human body. 
All embryonic connective tissue is at 
one period of this jelly-like nature. 
When examined under the micro- 
scope, this tissue is seen to consist of 
stellate cells connected with one an-' 


other by a network of fibres, de- 
posited in a clear semi-fluid substance 

[Fig- 31]- 

Connective Tissue. In the course 
of development the fibres grow 
longer and become separated from 
their mother cells, transforming the 
mucous tissue into fibrous connective 
tissue. Take some absorbent cotton, 
pick it apart, and strew some peas 
and peppercorns in the mass of fibres. 
The result is a model of fibrous 
connective tissue when magnified 
100,000 times. 

Figure 3s depicts the simplest 
organ of the human body, the peri- 
toneum. When examined with tlie 
naked eye the peritoneum appears to 
be a thin rubber-like membrane 
which covers the walls of the ab- 
dominal cavity like wallpaper and 
has the function of maintaining the 
abdominal cavity moist, smooth, and 
warm. It is composed essentially of 
several superimposed flat layers of 
connective tissue, dlie nethermost 
of these layers (a) has retained its 
original character and is composed of 
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STRENGTH OF 71SSUE 

"loose” comiective tissue. In the plaited together foriii te liga- 

niiddle layer (b) the fibres are more ments, certaiii membranes, and tlie 
prominently developed and have capsules oE various organs of the 
been felted together to form a firm body. Owing to the ingenious man- 
fibrous tissue in which the cells lead ner in which the fibres are inter- 
biit a modest existence. In the upper- woven, these structures possess great 
most layer (c) the fibres have been strength. The pelvic ligaments that 
{messed together so firmly that they join together the trunk and the 
form a homogeneous-looking glassy thighs are so strong that thev will 
inembrane. The loose connective bear a load of over 880 pounds. In- 
tissue corresponds to absorbent cot- deed their strength is so great that 
ton; the firm, tough connective tissue one might even undertake without 
resembles a carpet; the glassy tissue, trepidati^^ balloon trip in a 
a sheet of paper. Take this page be- gondola which was connected with 
tween your fingers and Jeel it. This the balloon by no other means than 
paper is also composed of fibrous con- a human pelvis and supported onlv 
nective tissue, which has been com- by the })elvic ligaments. 

{tressed into a glassy membrane ” as When connective tissue is boiled, 
a result of being subjected to various the fibres dissolve, forming a sticky, 
chemical processes and pressure. In protein, gelatine. Joiner’s glue is 
the body one finds all types of connec- the gelatine obtained from the con- 
tive tissue from the equivalents of nective tissue of bones by boiling 
the finest cotton and tulle to that of them. When bones and pieces of 
coarser materials, including the meat are cooked in water, a light- 
coarsest leather. Indeed, leather is brown solution of gelatine is ob- 
nothing else but the treated connec- tained,^ouilion. This fluid contains 
tive tissue of an animal skin. Paral- not only gelatine, but also the 
lei skeins of connective-tissue fibres savoury and aromatic " extractive 



Fici. 31, The ge kit i nous connective tissue, shown above (magnified) , is historically 
'' the oldest and simplest tissue of the human body. 
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Pig. 32. The peritoneum, an elastic membrane which lines the walls oj the abdominal 
cavity, is the simplest of all organs. It consists chiefly of connective tissue, arranged 
in three layers (a, b, c) and covered by a layer of epithelial cells. Networks of lymph- 
vessels (L), blood vessels (A), and nerves ( N) are situated between the connective-tissue 
layers. Through the terminal openings of the lymph-vessels flows the abdominal fluid 
which moistens the pelvic organs and keeps them smooth. 


suits ” of the meat and bones. Meat 
broth is a solution of gelatine com- 
bined with extractive substances. 

Old connective-tissue fibres are in- 
digestible. For this reason meat, 
especially old meat, is beaten to make 
it tender, because this process causes 
the fibres to tear. For the same 
reason meat is placed in vinegar or 
sour milk because the fibres are at- 
tacked and dissolved by acids. Young 
connective-tissue fibres are as elastic 
as rubber bands. Lift a fold of skin 
on the back of your hand, and 
then release it: the connective-tissue 
fibres recoil, puli the skin back to 
its" original position, and the fold 
disappears. The elasticity of the con- 
nective-tissue fibres in the skin is the 
secret of a youthful appearance. A 
machine becomes worn out and in- 


ferior after it has been used for some 
time; it becomes second-hand. It is 
quite ihe contrary with living crea- 
tures. They accomplish least at the 
beginning of their careers and attain 
the peak of their capabilities only 
after a long period of hard work and 
training. 

Wiien we are speaking of a new 
machine we say: “It works perfect- 
ly but of a young boxer or pianist : 
“ He has possibilities if . . This 
‘if” means: if he is capable of de 
veloping his youthful machinerv l)\ 
means of hard work and training so 
as to make the most of his talents and 
potentialities. Unlike an inanimate 
machine, an organism is not worn 
out by activity, ])ut on the contrary 
attains the peak of dts productive 
powers by regular and judicious use. 


KEEPING VOGNG 




What, is true of the entire l)ody is 
valid for each of its parts, joints, 
must be used in order to remain 
supple. Too much rest makes them 
“ rusty.'’ : Musdes must be exercised ' 
daily — indeed, almost to the point of 
exhaustion — so that they will be- 
come powerful and attain their 
maximum development. As soon as 
exercise ceases, muscular function be- 
comes impaired. The kidneys are 
not injured by the fact that they must 
carry out the complex process of 
filtering the blood uninterruptedly 
for a period of seventy years. The 
brain is not impaired by mental 
activity and experience; on the con- 
trary, poets, thinkers, and inventors 
often astound us by the productivity 
of their mental powers in old age. 

Creative Old Age 

iEschylus went on writing plays 
as an old man, Titian painted until 
he was ninety-nine, Voltaire died at 
a ripe age in the midst of triumphs, 
while Goethe, Wagner, Tolstoy, and 
Edison were still in full possession of 
their intellectual powers when they 
attained the natural and ultimate 
goal of human life after sixty and 
seventy years of mental activity. The 
principle of exercise is valid for 
manr the body attains and retains 
the maximum development of its 
capacities only by continuous and 
judicious exercise. 

Keeping Cormective Tissue Young. 
Each connective-tissue fibre in our 
skin is a minute but independent 
vital unit that “wants” to breathe, 
eat, rest, and exercise daily in '- order 
to remain healthy. Correct care of 
the connective-tissue fibres is the best 
!)eauty remedy known to the cos-, 
metic art. The connective tissue as 
well as the entire skin should receive 
an appropriate healthful diet; the 


entire body should have adequate 
periods of rest (sleep and holidays) 
depending on the season of the year; 
and, above all, the connective-tissue 
fibres must be exercised dailv. Hus 
may be accomplished bv skin mas- 
sage. The kneading of the skin pre- 
vents sluggi,shness or spasticity in the 
vascular system and maintains it 
functionally active. Tlie massaging 
of the skin also presses various waste 
products out of the ducts of the skin 
glands. The care of the skin must 
naturally start very early. Young 
tissues can be kept functionally fit, 
but old tissues cannot be rejuven- 
ated. One should not succumb to 
any illusions on this subject. While 
the process of ageing may be retarded, 
youth, once gone, cannot be re 
trieved. 

The Distribution of Conywetive 
Tissue in the Body. Connective 
tissue is the most widespread tissue 
of the body. From the middle germ 
layer, situated in the middle of the 
developing embryo, the connective- 
tissue cells proliferate and spread 
into all the interstitial spaces of the 
growing organism. 

Protective Packing 

It is their function to fill all the 
corners and spaces, as if with soft 
cotton, and grow over the surfaces 
of organs, thus becoming their cap 
sules. When the human body is com 
pleted all the parts are enclosed in 
connective tissue and packed like 
chin aware in a box. All the cells 
lie in connective-tissue containers 
like eggs packed for shipment or like 
bricks in a wall surrounded by mor- 
tar. Just like the individual cells, 
the organs as a whole are encstsed 
in connective-tissu’e coverings and 
suspended by ligaments. The brain 
is covered by an ingeniously woven 
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Fig. 33. The spinal, cord (Rm) with the ganglia (Ggl) and the sensory (se) and motor 
(mo) nerves wrapped in the various layers and networks of connective tissue. All the 
organs of the body are very carefully packed in connective tissue, just as we pack 
delicate poi celain, so that they will not be injured by abrupt or jarring movements. 
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capsule called the dura mater. The 
spinal cord is enclosed in a connec- 
tive-tissue cover like an umbrella in 
its case [Fig. 33]. Each bone and each 
joint is wrapped in connective tissue, 
and each muscle is enveloped in a 
strong sheath of the same material, 
as if it were covered with a sock, with- 
in which the muscle moves back and 
forth like the piston of a steam- 
ciio-iue [Fig. 97], 

If it were possible to macerate a 
body so that all the parts except the 
connective tissue would disappear, 
we should see a framework with in- 
niinierable chambers, a giant cocoon, 
the mortar framework of the human 
house. • 

Fat Tissue and its Distribution. 
At certain points within the human 
body these tonnective-tissiie cells 
become filled with fat. At first tiny 


droplets appear within the cells. 
These increase in size, run together 
into a large drop, finally filling the 
cell and swelling it out like a balloon, 
so that the cell is eventually trans- 
formed into a large drop of fat sur- 
rounded by a thin envelope of cyto- 
plasm [Fig. 34, (a) to (e)]. Since the 
fat is transported to the ceils by the 
blood, it is pre-eminently the cells in 
the neighbourhood of the blood 
vessels that are transformed into 
spherical fat cells. Ultimately masses 
of these cells collect around blood 
vessels like grapes on a stem (f). If 
a majority of conncctive-lissiic cells 
has been lransfornu‘d into fat cells 
the tissue is calletl adipose tissue. 

Ears, nose, foreiiead, and joints 
are normally devoid of fat tissue. Fat 
accumulates chiefh in the subcutane- 
ous connective tissue, in the cover- 


Fig. 34. Fat tissue is jonned jrom connective tissue. The cells (a) to (e) show pro- 
gressively the transformation of a connective-tissue cell into a fat cell Droplets of 
fdt collect in a connective-tissue cell, ultimately filling and distending it. The fat cells 
arrange themselves eventually around the blood vessels in grape-like clusters (f). 
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ings of the intestines aiicl in the 
mesentei')’^ within the abdominal 
cavity, in the pelvic region on the 
hips and buttocks, and in the female 
breasts. The storage of fat is greater 
in the female body than in the male. 
This does not occur by accident or 
voluntarily, but apparently owing to 
ilie influence of the female sex 
glands, the ovaries. As soon as a 
young girl becomes sexually mature, 
iier body begins to accumulate fat in 
certain specific regions, above all in 
those parts of the body intimately re- 
lated to the development, care, and 
protection of the child — that is, the 
pelvic region, where the child lies 
during pregnancy, and the breasts, 
at which it is fed after birth. 

Change of Life 

With the appearance of the 
“ change of life and the beginning 
of the ageing process, the ovaries 
cease to produce egg cells, and the 
reserve deposits of fat disappear. The 
breasts become flaccid and depen- ^ 
dent, and the buttocks again assume 
a narrow, childlike form. At least, 
that is what should happen accord- 
ing to all the laws of logic, and does 
indeed take place in truly healthy 
women. Actually, howwer, many 
women become obese during the 
“ change of life ” with the cessation 
of ovarian function. The deposition 
of fat in this type of obesity is quite 
different from the accumulation of 
adipose tissue during adolescence, 
which produces the budding beauty 
of maturing young women. Exces- 
sive accumulation of adipose tissue 
always tends to occur whenever the 
oxidative energy of the organism is 
not great enough to consume com-* 
pletely the ingested food and to use 
it in the body. In contrast to the 
healthy formation of fat in the nor- 


mal body, the condition character- 
ized by an abnormal deposition of 
fat is desigiuued as obesity. 

The normal male body contains 
approximately ten per cenl fat, that 
of a normal female somewhat over 
uveniy-five per cent. A comparison 
of the body of a well-developed 
young man (u'o pounds) with that of 
a young woman of equal wadglH, 
show^s that the male l)()dy contains 
about 13 pounds of, fat, the female 
body about 35 pounds. 

Faf. as a Fuel, The primary func- 
tion of fat ill the body is to sciw e as 
a food reserve. It is especially suited 
for this purpose because fat is tlie 
best and most concentrated fuel that 
we know. It is only during the last 
few decades that technology has be- 
gun to employ heavy oils as fuels 
for motors, locomotives, and aero- 
planes. This method of fuelling had 
long since been introduced by living 
organisms. The human body uses 
three fuel materials to drive its 
machinery: (1) protein, (2) carbohy- 
drates — that is, sugars and starches, 
(3) fats. The normal daily fuel of 
the human body is sugar, which is 
obtained from the starches of flour, 
potatoes, vegetables, etc. Sugar is 
preferred because it burns very easilN’, 
perhaps as easily as paper or wood. 
Fat burns with difficulty, but it has 
the advantage of producing much 
more heat than an equal quantity of 
sugar. At a matter of fact, weight 
foi iveight, fats have about twice the 
energy value of carbohydrates. 

The Body’s “ Reserve Capital ” 

Owing to its high energy value and 
the difficulty with which it burns, fat 
is especially suitable as a storage 
material and fuel reserve, and is 
therefore deposited in tiu^ bod\ for 
this purpose, to be used as needed. 
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A lieallhy person in;n*nlains his Fat 
supply unciiangcd for many years, 
jusl as a solvent, well-managed busi- 
ness does not touch its reserve capital, 
or as a wc'll supplied house has a 
reserve; stoic of coal laid away in a 
coal-bin for any emergencies. If an 
individuars food intake is too small 
for the body's needs, he attacks his 
fat reserves and grows thin. Emacia- 
tion is a sign that the fat reserves of 
the body have been diminished. 

Fat as a Padding Material. The 
second function of fat is to serve as 
a padding material. The fat-filled 
connective-tissue cell is a spherical 
envelope of protoplasm filled with 
fat: in other words, it is a microscopic 
waler-cushion, with all the advaiv 
tages of one. It cannot be com- 
pressed, because of its resiliency. 
Adipose tissue is a padding material 
composed of water-cushions, perhaps 
the best that technology has yet de- 
vised. The buttocks are “ water- 
cushions with which nature has 
equipped us for sitting. Conse- 
quently a healthy person, in contrast 
to an emaciated one, needs no 
cushion to sit on. A second pad of 
this kind is situated under the arch 
of' the foot. Its function is to absorb 
the shocks of walking, in a manner 
similar to the air-cushions - of the 
pneumatic tires of our automobiles. 

Protective Lining 

A third such pad lies underneath 
the skin of the palm of the hand, as 
a kind of natural glove-lining pro- 
tecting the nerves and blood vessels 
against pressure and cold. A fourth 
pad is situated in each cheek, and 
acts here as a suction pad during the 
acts of eating and drinking. Yet a 
(ifth one fills the orbital cavity and 
piovides a soft cushion on which the 
eyeball lies and rotates during its 
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iriovements. If an indi\’idLKiI be- 
comes emaciated as a result of illness 
and his fat pads vanish, he can no 



Fig. 35. The mechanical fat pads of man. 
A human being has a pad of fat for sitting 
(d) : for standing ( e) : for holding ’( c) ; and 
for sipping (b). In addition the eyes rest 
on a thick pad of fat tissue which acts as 

a ball-bearing during rotation (a). 

longer sit for any length of time with- 
out cushions, his feet hurt when he 
walks, his cheeks become hollow and 
his eyes cavernous. Thus illness in- 
dicates to us the distribution and 
significance of fat tissue in the 
healthy body. 

Fat as an his ulatmg Material. The 
third function of adipose tissue is to 
serve as an insulating material. Fats 
and oils are poor conductors of heat 
and electricity, and consequently 
excellent insulating materials. In 
electrical engineering, oil is em- 
ployed as an insulating material in 
apparatuses using power currents. 
The nerve apparatuses and conduc- 
tion systems of the human body are 
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embedded in a special nen>e fat. 
Wiien deposited in thick layers, fat is 
an excellent protection against heat 
loss. Polar animals, such as whales, 
seals, and aquatic birds, all possess 
thick hners of blubber and are con- 
sequently the chief sources of animal 
has. Even when nude, man wears 
a thick oil coat under his skin, in the 
form of subcutaneous fat tissue. It 
is the best protection against cold 
that we have. A thin person freezes 
easily because his oil coat is too thin, 
while an obese one perspires because 
the heat produced by the body col- 
lects under his fat layer faster than 
it can be dissipated. 

The Regulation of Fat Digestion, 
Within the body, fats are digested 
in the small intestine by the pan- 
creatic juice. The activity* of the 
pancreas is economically accommo- 
dated to the digestive needs of the 
individual. Pavlov showed that the 
production and composition of pan- 
creatic juice at any time varies with 
the quantity and character of the in- 
gested food. This means that a meal 
rich in fats will call forth a pan- 
creatic juice containing a higher con- 
centration of fat-digesting substance 
(ban a meal rich in carbofi yd rates. 

Excess of Fat • 

Undigested fatty food is not ab- 
sorbed and passes through the in- 
testinal canal and is eliminated with 
the fxcal matter. When children are 
overfed with milk, their stools con- 
tain an excess of fat. These stools 
are greyish white in colour, resem- 
bling a mixture of chalk and soap, 
and are called “ soap stools. 

Fat Metabolism and Obesity. From 
the intestine the digested fat is car- 
ried to the tissues and deposited 
there. If the deposited fat is required 
at any time for fuel, it must be taken 


out of tlie tissues like coal from a 
coal-bin, or, as expressed in scientihe 
terminology, it must; l)e mobiii/ed. 
This mobilization is carried out by 
means of the sccreiiou ol the thyroid 
gland. This gland, weighing about 
one ounce, lies in the neck on the 
sides of the windpipe and supplies 
a substance containing iodine, a 
hormone, to the hlood-streann If 
thyroid hormone is administered to 
an organism, it loses weight rapidly 
and becomes thin. If the thyroid 
gland is hyperactive and produces an 
excess of hormone, as in hyper- 
thyroidism (Graves’ <iisease), the 
affected individual becomes emaci- 
ated, leading finally to a serious con- 
dition of extreme weakness. 

Dangers of ‘‘ Reducing ” 

On the other hand, if hormonal 
production is diminished, an exces- 
sive deposition of fat in the tissues 
is the result. Thyroid hormone 
would be an ideal reducing reme<iy 
were it not so toxic. In view of this 
circumstance, however, it should he 
used only under the supervision of 
a physician and then only for short, 
precisely determined periods. Manv 
.secret reducing remedies contain this 
effective but highly toxic hormone 
and should therefore be regiirded 
with the greatest suspicion. Kbit or- 
al ly, thyroid hormone can be of use 
only when obesity is due to a de- 
ficiency of thyroid secretion. 

Other types of obesity may be the 
result of climatological, geographi- 
cal, or perhaps evolutionary in- 
fluences. It is generally known that 
the women of the Near East tend to 
obesity. The female Hottentot is re- 
markable for an excessive deposition 
of fat in the gluteal muscles, resulting 
in enormously obese buttocks, a con- 
dition known as steatopygy [Fig. 36]. 
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Adipose tissue, the organ of lal 
storage, is a rclaiiveiy inert tissue. A 
tiiin person uses up 3.6 cubic centi- 
metres of oxygen per minute for 
every kilogram (rM? pounds) of body 
weight: an obese person consuiiies 
only it. 8 cubic centimetres, almost 
twenty-five per cent less. ' Excess fat 
is a dead load for the body. An obese 
person may be compared to a handi- 
capped racehorse. Not only does the 
unnecessary burden encumber his 
joints, but it also throws an extra 
load on his heart. Adipose tissue 
is quite vascular, being well supplied 
with blood vessels, so that the heart 
must pump the blood through all 
these vessels. Because of the pre- 
sence of the fat tissue the body be- 
comes over-heated, and consequently, 
in order to cool it, the heart must 
transport unnecessary quantities of 
blood to the periphery, where the 
heat may be dissipated through the 
skin. An obese body is less resistant 
to disease. During epidemics the mor- 
tality is greater among obese in- 
dividuals than among lean ones, and 
a fat person has less chance to 
achieve a patriarchal age. 

Obesity and Character 

The burden of fat affects not only 
an individual’s physical mobility but 
also his character. Obese people are 
generally good-natured, tend to be 
phlegmatic, and rarely make the 
front page of history. Don Quixote 
is as thin as a lath, his lazy servant 
is named Sancho Panza (Full Belly); 
Till Eulenspiegel is as slender as an 
acrobat, his phlegmatic companion 
answers to the name of Lamm Gocd- 



Fig. 36. The excessive, accumulation oj 
fat in the gluteal region is considered a 
mark of beauty among the Hottentots 
and certain Negro races of Africa. 

sack (Pious Goodbelly). Cassius, the 
leader of the conspiracy against 
Caesar, “ has a lean and hungry look,” 
and Caesar rightly says: “Let me 
have men about me that are fat; 
sleek-headed men and such as sleep 
o’ nights. . . , Would he were fatter! 
... I do not know the man I should 
avoid so soon as that spare Cassius.” 



HOW BONES COMBINE LIGHTNESS WITH STRENGTH 
Fig, 37. The bones contain small supporting girders, situated along the lines of strain 
and stress, exactly like the supports of man-made structures. The thigh-bone (Above) 
is a supporting tower, the heel-bone ( Below) is a wheel with spokes and a felloe. 
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CHAPTER IV 

Cartilage, Bones, Joints 

CIARTILAGK. OSSiFIGAnON. GROWTH. THE ARCHITEC 1 ERE OF BONE. 
BONE-MARROW. CALCIUM AND GELATINE. FRACTURES OF BONE. THE 
JOINTS. SPRAINS. DISLOCATIONS. TREATMENT OF INJURIES. 


AT those points where connective 
jlA tissue is subjected to powerful 
stresses and strains, the fibres under 
the iniluence of these forces come 
close together and form a translucent 
homogeneous substance called car- 
tilage. If cartilage is examined un- 
der the microscope, the cells of this 
tissue are seen as spheroidal bodies 
embedded in an amber-iike matrix 
[Fig. 38]. 

Formation of Bone 

At first the skeleton consists ex- 
clusively of cartilage. At parturition 
the bones are still so soft, owing to 
their large cartilage content, that the 
child can withstand without any 
harm all the acrobatic distortions to 
which it is subjected during the act 
M birth. Almost every infant falls 
out of its nurse’s arras or out of its 
crib at least once-— without suffering 
any harm. Indeed, it is even possible 
for children to survive a fall of several 
storeys without broken bones — 
thanks to their “ guardian angel,” 
the partly cartilaginous skeleton. 

Ossification, The process of bone 
formation is initiated by a growth of 
blood vessels intc) the cartilage, which 
is avascular. 'Fhese vessels grow into 
the tenlrai portion of the cartilage. 
Thev are accompanied by young con- 
nective-tissue ceils that absorb the 
matrix siuTouuding the encapsulated 


cartilage cells. In Figure 39 this pro 
cess is depicted as a battle between 
two groups of human beings. The 
blood vessels penetrate from the left. 
With them, as warriors conveyed in 
small boats, come the connective- 
tissue cells, and advance against the 
cartilage cells. The latter “ defend ” 
themselves by entrenching behind 
firm capsules, multiplying, and de- 
ploying in straight lines of battle. 
However, the connective-tissue cells 
conquer. They disrupt the capsules 
and occupy the captured positions. 
The vessels supply them with cal- 
cium, which they mix with the 
amber-like gelatinous matrix of the 
cartilage to form bone substance. 

How Bone Grows 

The cartilage cells withdraw and 
take up a new position. This retreat 
of the Tells lengthens the cartilage at 
each end. Each individual cartilage 
is lengthened; the skeleton becomes 
longer and larger, and with it the 
entire person. In other words, the 
individual grows. 

Ossifying cartilage, however, grows 
not only in length, but also in 
breadth. Some of the blood vessels 
do not penetrate into the substance 
of the cartilage, but grow along its 
outer surface. The connective-tissue 
cells erode the substance of the car- 
tilage, mix the eroded material with 
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calcium, and with this mixture build 
tubes, pillars of bone, that become 
the external walls of the growihg 
bone. As a result of the internal pi-o- 
cess the cartilage becomes longer; in 
consequence of deposition on the 
surface it becomes thicker and 
stronger. 

Growth. Growth is one of the 
many important problems of biology 
and is still a chapter full of mysteries. 
Let us consider this subject. Here 
is a child. It is two feet high and 
so small that it can be put into a 
baby-carriage. In the course of eigh- 
teen years this child will develop into 
an individual three times as tall, with 


fifteen times as much body substance. 
It increases in size, while at the same 
time it changes in both character and 
appearance, becoming an entirely 
different person. The individual 
notices relatively little of this in- 
ternal and external, alteration [Fig. 
40]. Try to imagine the look on an 
architect’s face if we were to ask him 
tc make our house three times higher 
and wider than it is at present with- 
out disturbing our daily labours or 
night rest for one hour. N ature solves 
this problem very ingeniously and, 
like an achievement of genuine 
genius, in simple fashion [Fig. 41]. 
Each day a minute trace of material 


Fig. 38. Cartilage is an amber-like mass produced from connective tissue. In order 
not to become compressed, the connective-tissue cells have surrounded themselves with 
capsules, in which they live like mussels in their shells. A newborn infanfs skeleton 
is composed of cartilage. Later, most of the cartilage is transformed into bone. 
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Fir ^9 Bone formation depicted in the form oj a battle. Btood vesseis advance 
from the left against the cartilage on the right, bearing young connective-tissue cells 
^(warriors-) The cartilage cells armour themselves with white plates of calcium, but 
^ f This ceir flight is the growth process. The inner portion of 

are defeated fl ; „ i^^ttle ‘ the outer wall is constructed by the "bone- 


is scraped froin th.P walls of the in- 
side rooms. This substance is carried 
off and applied to the walls extern- 
ally. The ceilings are treated in the 
very same- manner. A little inaterial 
is scraped from the ceiling daily, car- 
ried up to the next flight, and spread 
on the floor of the upper apartment. 
In this manner the walls extend out- 
ward and the ceilings upward. Each 
week the room grows several milli- 
metres larger, and in twenty years 
the house is three times as large. In 
the body this mason’s work is per- 
formed by special cells known as 
osteoclasts (bone - breakers) and 


osteoblasts (bone-builders) [Fig. 41]. 

The skeleton does not ossify conn 
pletely. Certain parts remain carti- 
laginous— the tip of the nose and 
the external ear, because they would 
probably break off if they were bony; 
portions of the ribs, because the 
thorax must remain elastic during 
respiration; the lai'ymx and the wind- 
pipe (trachea); and finally all those 
places where moving bones impinge 
on one another — that is, the joints. 
The ends of the bones remain 
covered, by soft articular cartilages, 
and between these, in some instances, 
lie still other special cartilaginous 
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Fig. 40. Question: How does the body 
set about enlarging the jsmall bones of the 
child until they attain adult size, without 
disturbing vital activities of the body? 

disks that prevent the bones from 
coming into contact too abruptly 
with one another in walking or jump- 
ing. They act like the buffers be- 
tween railway cars, or like the springs 
between the body and the chassis of 
an automobile. 

The length of the ossification 
period of the skeleton, or, what 
amounts to the same thing, the dura- 
tion of the period of growth, bears 
a fairly definite relation to the dura- 
tion of life. In most higher animals 
this proportion is as i : 6. Rabbits, 
dogs, horses, camels, and elephants 
live six times as long as their growth 
periods. This rule is only approxi- 
mate, however, and exceptions to it 
are far from rare. 

The Architecture of Bone, The 
“ struggle between bone and car- 
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tilagc as depicted in Figure gp re- 
sembles a Uvofold attack rm a be 
leaguered city. One gioup of 
attackers has entered (he interior by 
way of a subterraneap ]>ath and is 
engaged, in a struggle with the in- 
habitants in the streets of the city. 
The other group besieges the car- 
tilage from outside, bicjcks the gales 
with brickwork, and lays a ring of 
bone about the cartilage. Alter its 
completion bone clearly exhibits its 
origin in these two processes. The 
interior of the bone [Fig. gg {Crnire}, 
Fig. 37 contains the remains 

of a “ battlefield.” The firm outer 
wall of the bone, however, is the pro- 
duct of an annular accretion of layers 
of bone substance [Fig. 39 (Fore- 
ground)], 

Ones of Pressure 

In a young bone the cavity in its 
body is fdled with a chaotic mass of 
small cell fragments and spicules of 
bone substances, the remnants of the 
previously described cell struggle. 
During the period of childhood, how- 
ever, these fragments arrange thenr 
selves like iron filings in a magnetic: 
field of force. As soon as the child 
begins to walk, the bones must sup- 
port it, with the result that they 
are subjected to pressure. This pres- 
sure is exerted along definite lines, 
the static thrust-lines. The frag- 
ments that lie along the course of 
these static lines are put under a 
strain and stimulated to grow. They 
grow together with the bone so that 
the bone fragments remain situated 
along the lines of pressure. Frag- 
ments that are not located along the 
lines of pressure, and consecjuently 
receive no growth stimuli, remain 
weak, do not keep up in their growth 
wdth the rest of the bone, and finally 
disappear when the network of 
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Fig. 41. Answer: Cells called bone-breakers gnaw uninterruptedly at the internal wall 
of the bone and remove it. This substance is then replaced on the outer surface of 
the bone wall by bone-building cells. In this way the bony walls extend outwards 
almost imperceptibly, The^ house enlarges itself without disturbing its inhabitants . 


spongy bone has grown larger and 
stronger [Fig. 37]. Imagine the case 
of a bridge-builder who constructs 
a bridge along very massive lines. 
He then ob.irves that only certain 
parts actually bear the weight of the 
bridge and its load and that there- 
fore they alone are functionally 
necessary. He lea\cs these parts in 
place and removes those that sustain 
no pressure. What is the result? He 
obtains a bridge structure built of 
supporting pillars, located precisely 
along llic sialic; lines of pressure. Out 
architects proceed in exactly the 
same manner, but they do not go to 
the trouble of first erecting a massive 
structure. Instead they determine 


the static lines tlieoi'ctically and con- 
struct our modern bridges on the 
basis of these determinations. The 
striking correspondence between the 
construction of such bridges and the 
structure of certain bones in out 
bodies is shown in Figure 37. In the 
heel-bone, which “ rolls ” along the 
ground, the bony network assumes 
an arrangement \'cry similar to that 
of the felloe and spokes in a wheel 
[Fig. 37 (Beloiv)]. In the vertebra', 
which are united to a column, the 
minute bone “ girders ” are arranged 
in horizontal and vertical positions; 
while in the curved portion of the 
hip-bone, upon which the trunk 
is balanced, their arraiigement 
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reseiu!)ics that of the framework of 
an arch [Fig. 37 _ 

In contrast to the architecture of 
the spongy interior of bone, its outer 
wall consists of compactly arranged 
material. The outer wall of bone is 
produced by the blood vessels and 
connective-t issue cells that under- 
took to besiege the cartilage from out- 
side [Figs. 39 and 42]. Each vessel (f) 
has surrounded itself with a corona 
of connective- tissue cells (d), which 
have enclosed it in layers of bone 
substance (e). The totality of these 
layers forms the bone lamellce; and 
the unit composed of a blood vessel, 
connective-tissue cells, and bone 
layers is known as a bone or Haver- 
sian system (a). An individual 
Haversian system is no thicker than 
the point of a needle. The wall of 
the thigh-bone [Fig. {Above)] is 
composed of 30,000 such systems. 

Birthplace of Blood Cells 

Bone-M avroiv. The outer layers 
of all bones are compact. In long- 
bones, however, the inner portion in 
and near the. middle is hollow and 
filled with a soft, spongy tissue, the 
bone-marrow. Look at the inner 
portion of a soup bone; the reddish- 
yellowy gelatinous mass, wdiich is re- 
garded so highly by housewives be- 
cause of its “ strength,” and by 
gourmafids because of its peculiarly 
delicate taste, is the bone-marrow. 
Although the opinion of housewives 
is not based on scientific knowledge 
but more probably on experience, it 
is nevertheless correct. Bone-marrow 
does contain “ strength,” for it is in 
this tissue that the cellular elements 
^of the blood are formed and de- 
veloped. Indeed, the bone-marrow 
might be called the inint of the cell 
state, A billion new blood cells are 
coined and. issued here daily and then 
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dispatched by way of the ncsscIs in 
the bone wall into the circulation. 
As the birthplace of the blood cells 
the bone-marrow is one of the most 
important tissues of the human body. 
Just as banks build their vaults in the 
foundations of their buildings so as 
to deposit their gold reserves in the 
safety and security of their depths, 
similarly the body has used the most 
protected places in the human body, 
the interior of the bones, to deposit 
there the coin and gold of the cell 
state: the blood. (The bone-marrow' 
will be dealt with in greater detail 
in Chapter XII, ‘‘The Blood.”) 

“ Reinforced Concrete ’’ 

Calcium and Gelatine. The con- 
nective-tissue cell which produces 
bone also forms two materials pos- 
sessing opposite properties : collagen 
fibres and calcium. The fibres are 
deposited ip a spiral arrangement 
and are embedded in a calcified 
ground substance [Fig. 42, (b) and 
(c)]. The reinforced concrete used 
in industry is constructed along ex- 
actly the same lines [Fig. 43]; flexible 
elastic iron wiares (la) are embedded 
in concrete (Ic). Bone is a “ rein- 
forced concrete ” with collagen fibres. 
As the comparison between the bone 
at (Ib) and the concrete wall beneath 
it show^s, bone is much ir.ore strongly 
constructed. This has been proved 
by various tests. Bone will carry a 
load thirty times greater than that 
which brick can support, three times 
as great as the maximum for granite., 
and almost as great as the load car- 
ried by cast-iron bars. Its tensile 
strength surpasses even UuU of cast 
iron. In accordance with the piin- 
ciple of exercise, the strength of a 
bone increases with the magnilude of 
the strain to which it is siii)jected. 
The strongest of ail human bones is 
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\]\{' sliin hone, which enn su}>port 
load oi ]3ounds, approximately 

thirty times its normal load. Thus 
a shin bone could support a platform 
upon whidi iwenty people were 
standiiiii,'. 

Despite its great strcngtli and 
lirmness, bone is tolerably flexible 
owing to its high fibre content. By 
compressing it in a vice, the breadth 
of a fresh human skull can be de- 
creased by ten per cent before it 
cracks. A skull can be dropped on 
a stone floor without breaking it. 
Billiard balls made of polished bone 
demonstrate very impressively, when 
they collide and rebound with great 
elasticity and .springiness during 
play, the apparently contradictory 
union of hardness and elasticity 
which has been realized in the forma- 
tion of bone. 

The Bones in Infancy 

A bone can be deprived of either 
its calcium or its collagen. as one de- 
sires. By soaking a bone in dilute 
hydrochloric acicl the calcium may 
be dissolved and removed, after 
which the remaining organic por- 
tion, consisting of the collagen fibres 
and constituting a flexible mass, can 
be bent and twisted like a rope (Ha). 
On the other hand, if a bone is cal- 
cined, the cells and the fibres are 
burnt (He), leaving a calcium frame- 
work analogous to that of a dead 
coral .polyp. In the newborn infant 
many parts consist only of cartilage 
and contain little osseous tissue. As 
the child grows and develops, these 
structures „ acquire a progressively 
greater calcium content. During the 
first year of life the proportion of 
calcium and other mineral sub- 
stances to the organic material 
(gelatine) is as i : 8. At the age of 
eighty this proportion is reversed to 
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8: 1 ! We begin our life as a “ jelly- 
fish '* and emi it as a “ cotal." 

A child is aide to execute almost 
unbelievable contortions of its body 
without bn'aking anv l)on<‘s. An old 
person, lio\ve\cr, maV fra<tin(r a rib 
simply as a result of an awkward 
movement which brings him into 
abrupt contact with some sharp edge 
or hard object. A boy plays footf)all 
as if he were himself made of rubber 
(Hlb), while an old man toddles 
along cautiously as if he had glass 
rods instead of bones in his legs 
(I He). To be sure, they are not glass 
rods, but rather chalk pillars: 8q 
per cent calcium 1 they break easily, 
but they mend with difficulty. 

Youth and Age 

In old age a fractured thigh-bone 
may be fatal; for the old person is 
now confined to bed, which generally 
signifies the beginning of the end. 
Youth is rubber, age is glass: or if 
one wishes to express it somewh^it 
more precisely: youth is gelatine, age 
is chalk. 

Like every vital process, the cald- 
fication of cartilage to form bone is 
not a simple act, but rather a com- 
plicated and as yet not completely 
elucidated proceeding, for which, in 
addition to calcium, the child needs 
phosphorus, hormones, vilaminsy 
and sunlight. If any of these struc 
tural elements are lacking, the bones 
do not become hard, but remain softy 
bend under the load of the body, 
and give rise to the typical picture 
of rickets ‘(Ilia). 

Fractures of Bone. Despite its 
ideal properties as a supporting 
materia], even healthy bone some- 
times breaks as a result of violence 
[Fig. 44 ]. If a bone is simply cracked, 
part of the shaft being broken and 
the remainder bent, we speak of an 
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Fig. 43. For bone to be tough as 
present in suitable proportions. 




CAirriLAGEV BONES, 

infractioii,ormoreusiially of agreen- there is a coincident, teaiing and 
stick fracture (a). If there is a com- laceration of the bone and soft 

piete break, it is called a simple frac- tissues. Some of the iir^ tissue 

ture (b). Where a bone is broken dies and is autolysed by ferments re- 

into more than two fragments, the leased by the death of the cells. J lie 



Fig. 44. Bone fractures: (a) fissure; (b) simple fracture; (c) comminuted fracture; 
(d) compound fracture; (e) thick callus resulting from the healing of a fracture. 


condition is described as a commin- 
uted fracture (c). Where the fracture 
fragments pierce the muscles and 
the skin, establishing a tract between 
the fragments and the outside of the 
skin, as often occurs in serious acci- 
dents, a compound fracture exists (d). 
Owing to the severe damage to the 
soft tissues, the danger of infection, 
and the difficulty of reduction, a com- 
pound fracture is a serious injury. 

Fundamentally, in treating a frac- 
tured bone, we arc concerned with 
bringing the fragments into as close 
alignment as possible, just as we do 
when we mencl a broken saucer. How- 
ever, we do not have to supply any 
glue in tile former case because the 
connective-tissue cells, produce it 
• tliemselves. ■ Bone tissue po^esses to 
an extraordinary degree the power of 
regeneration. When bone is broken 


entire area containing the bone-ends 
and the surrounding soft tissue struc- 
tures is bound together by clotted 
blood and lymph. Within a few 
hours after the injury young connec- 
tive-tissue cells (fibroblasts) appear in 
this clot as the first step in the repair 
of the fracture. 

These new cells divide and proli- 
ferate rapidly and become infiltrated 
with calcium. Within seventy-two to 
ninety-six hours this mass of cells 
forms a tissue uniting the ends of 
the bones. In general this is the pro- 
cess by which healing occurs in any 
wound. Calcium continues to be de- 
posited in this newly formed tissue, 
leading to the formation of a nodular 
swelling, a callus, similar to that 
which may be observed in a broken 
and healing tree limb. The con- 
tinued deposition of calcium leads 
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C'vciitiially lo ihc tonnatioH of hard evaporates, a hard homogeneous cast 
bone, which under the infiuence of results which effectively limits 
the normal stress and strain of use motion. In certain types of fracture- 
over a |)criod of months is arranged for example, of the ankle — a walking 
along I he lines of pressure as in nor- iron, consisting essentially of a bent 



Fig. 45. Origin of a joint: (a) formation of a joint cavity under the, hermetically sealea 
periosteum: (b) development of the contiguous bone-ends to form articular surfaces; 
(c) sacculation of the Joint capsule to form a mucous bursa (B). The two surfaces ot 
the joint which are in contact are moistened and lubricated by the so-called synovial fluid. 


niai bone. This process frequently 
takes as long as one year before it is 
completed [Fig. 44 (e)]. 

After atractiire has. been reduced, 
and the edges of the fragments have 
been brought into perfect alignment 
and checked by means of an X-ray 
examination, the broken limb is 
usually immobilized for several 
weeks in a plaster cast. A plaster 
cast is made by using plaster band- 
ages. These are rolls of bandage 
material in which the meshes have 
been filled with plaster of pax'is. 
Shortly before being applied, plaster 
bandages are placed in a pail of warm 
water until they are thoroughly 
saturated. The bandage is applied 
to the broken limb smoothl}' and 
snugly, while at the same time the 
plaster is thoroughly and carefully 
rubbed in so that after the water 


iron hoop, the two ends of which 
have a transverse bar, may be applied 
together with the plaster cast, so that 
the patient can begin to walk soon 
after the reduction of the fracture, 
or at the latest after a few days. 

The Joints. Wherever two bones 
glide over one another, articulations 
permitting movement arise. They 
are known as joints. If a person sus- 
tains a fracture where the fragments 
do not unite but continue to rub 
against each other, a typical, even 
though imperfect, joint is produced. 
This is called a “ false joint ” (pseud- 
arthrosis). Even before the embryo 
executes any movements, joints de- 
velop under the influence of heredity 
at those points where they were ac- 
cpiired by its ancestors. At first the 
arm of the feetus is a solid rod of 
cartilage enclosed in an air-tight 
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>iu‘ath, the perichondrium [Fig, 45]. 
Tlie cells in the central portion of 
the embryonic cartilage liejuefy, so 
that a relatively large cavity, the 
joint cavity, is formed (a). The peri- 
pheral part of the connective tissue 
enclosing the joint cavity is trans- 
formed into a dense fibrous capsule, 
llie two cartilages (or bones) rub 
against each other and develop two 
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smooth contiguous surfates (b). 
'Fhese surfaces are moistened hv a 
small amount of giairy Iluid. This 
synovial Oiiid, as it is called, probably 
arises from the liquefaction of the 
connective-tissue ceils, and serves to 
permit smooth functioning of the 
joints with very little friction. 

The joints are classified in groups 
according to the shape of the articu- 



Fig. 46. The four most important types of joints in the human skeleton. Ball-and- 

socket joint (a): in a joint of this pattern (shoulder) the bones can be moved in all 
directions; (b) saddle joint: in such a joint (vertebne) the bones move in two directions 
tike a rider in a saddle; (c) hinge joint: in a hinge joint (finger) the bones move in 
one direction like the keys of a piano or the blade of a pocket-knife: (d) rotarv joint: in 
a rotary joint (elbow) the bones move about their longitudinal axis like a corkscrew. 
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.surfaces [Fig. in the 

iuunan bociy the joint with the 
greatest range of motion is the ball- 
and'.sorkc;! joint at tlie shoulder (a), 
A ball-ancl socket joint allows of 
movements aroiuKi an indefinite 
number of axes in s]>acc. Hie largest 
joint {.)f this type in the body is the 
hip-joint, although it does not permit 
as great a range of motion as the 
sliotilder-joint because the head of 
the thigh-bone (femur) is closely 
fitted into and embraced by the 
.socket of the hip- joint, resulting in a 
limitation of its movements. In our 
daily surrounclings we .see numerous 
models of ball-and-.sockct joints in 
technical appliances. The arms of 
electric table-lamps are frequently 
equipped with such joints so that 
they can be turned in all directions. 

If the joint surfaces do not develop 
a spherictil form, but ])ecome ellipti 
calfwe have an ellipsoid joint, where 
an egg-shaped articular surface is re 
ceived into an elliptfcal cavity in .such 
a manner as to permit of movement 
by the gliding of one bone over an- 
other. The wrist-joint is an example 
of this type of articulation. For this 
rca.son most of the movements ex- 
ecuted l)y the wrist, as in fencing, are 
not circLilai', like the movements of 
the arm, but rather elliptical. 

If an ellipsoid joint is ground 
down along its two chief axes in such 
a maimer that the o])posing joint 
surfaces become reciprocally concavo- 
convex, we have a saddle-shaped 
joint, in which the bones, like a rider 
in a saddle, can move in only two 
directions. The vertebrae of the back- 
bone are separated by saddle-joints, 
so that the backbone can be bent in 
only two directions, backward and 
forward, and laterally (b), 

A third type of joint is the hinge- 
joint. Here the articulating surfaces 


are shaped in such a manner that the 
bones can only be moved to and 
fro in one plane. The hinge-joint is 
the most common type in the bod) 



Fig. 47. A// joints, like the knee-joint 

shown here, are padded with rumerom 
mucous bursce, which act like water- 

cushions and protect against blows, 

and in technology. Doors, pocket- 
knives, and piano keys ail move on 
hinge-joints. The fingers with which 
we strike the piano keys articulate 
^vith the bones of the palm of ihe 
hand by means of ball-and-socket 
joints, but the joints between the 
bones of the fingers themselves are 
hinge-joints (c). 

Some bones rotate about their 
longitudinal axis like a corkscrew or 
an egg-beater. In doing so they 
move in a pivot- or rotary.- joint, gen- 
erally formed by a pivot-like process 
turning within a ring, or a ring 
rotating on a pivot. The pivot- join is 
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of the !)o<ly arc generally combined 
with hinge- joiiiis. Tlie two kirgest 
rot ary- join Is, combined with hinge- 
joints, arc to be found at the base 
of the skull and in tlie elbow. When 
we nod our heads in assent, we are 
moving the skull on a hinge-joint. 
On the other hand, when we turn 
our heads from side to side in denial, 
the skull mo\'es on a pivot-joint [Fig. 
(k)]. When wood is sawed with a 
hand-saw, the elbow^ moves on a 
hinge-joint; and when we turn a 
corkscrew, or a key in a lock, we set 
the rotary-joint of the elbow in 
motion [Fig. 46 (d)]. 

Joints develop under an air-tight, 
enveloping perichondrium, the con- 
nective-tissue sheath of the cartilage 
[Fig. 45 (a)]. The ends of the bones 



Fig. 4^6. A sprain Is the result oj a dis- 
tortkm of the joint so that the capsule 
and ligaments are torn and blood or lymph 
escapes from the damaged vessels. The 
hone, however, remains in its socket. 


remain covered by cartilage so that 
they will not become abraded by rub- 
bing against one another, but will 
glide smoothly over one another. 
These cartilages, as well as the other 
parts of the joint space, develop deli- 
cate, minute processes, resembling 
the nap of velvet, which secrete a 
whitish fluid something like raw egg- 
vvdiite in consistency. This is the 
synovial fluid, .which, like oil in a 
machine, reduces friction between 
the articulating surfaces and hel[>s 
the smooth functioning of the joint. 
The material for the production of ' 
the synovial fluid is furnished by the 
blood. The lining of the joint is an 
automatically functioning grease- 
box. If the joint is at rest, little 
synovial fluid is produced, and the 
joint becomes creaky. 

In addition the capsule of the joint 
also possesses certain small sacs con- 
taining a clear viscid fluid. These 
structures are called mucous bursie 
[Fig, 47]. The mucous burste pad the 
joint like water-cushions. In Fig. ^7 
the bursae of the knee-joint may be 
seen very clearly after having been 
artificially distended. If the burste 
are chronically irritated they become 
thickened. Charw^omen, who spend 
a great deal of their time on their 
knees, often develop a swelling of 
the corresponding bursae (house- 
maid's knee). A similar condition 
occurs as an occupational disease 
among miners. While Avorking in 
narrow scams, the miner often sup- 
ports himself on his elbow, which he 
uses as a fulcrum in delivering a 
blow with his pick. This pressure 
produces an inflammation and swell- 
ing of the bursa at the elbow, a con- 
dition known as “miner's beat 
elbowv” 

Sprains, If a joint is stretched to 
such a degree that a ligament or the 
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joint capsule tears at some point, we 
.speak of a sprain, [Fig. 48]. This con- ■' 
dition is almost always accompanied 
by some intenial bleecling at the 
point of injury. The sprained joint 
is painful, swells in consequence of 
the bleeding so that the skin feels 
doughy, and the injured person be- 
comes unable to move the joint for 
several days. This immobilization 
is a protective iiieasure taken by the 
i)ody to prevent any further use of 
the joint until it has healed. If there 
is an extensive efiiision of blood tin- 
\[cY the skin, the latter becomes dis- 
coloured, first turning red, then 
taking on a greenish and bluish hue. 
A sprain is generally a harmless oc- 
currence. Hie joint is put at rest by 
bandaging it so that any movement 
is impossible. Alter several days of 
rest, baths and massage assist in clear- 
ing up the condition by hastening 
the absorption of the effused blood 
and other fluids collected at the point 
of injury. After a short period of 
rest a sprained joint is once more fit 
for use. 

Disloca t i ons. A \'ery d ifferent con- 
dition arises when the ligaments, on 
being put under tension, are not only 
stretched excessively, but are actually 
torn to such a degree that the bone 
escapes from the joint and becomes 
impacted among the neighbouring 
ligaments and muscles. This condi- 
tion is described as a dislocation of 
the joint [Fig. 49]. This type of in- 
jury is much more serious than a 
simple sprain. Under favourable 
conditions the bone may immedi- 
ately be replaced in its socket and the 
dislocation reduced. If someone with 
training is present at the scene of the 
accident, the dislocation may be re- 
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duced immediately. Generaliv, how- 
ever, the muscles contract rigidly and 
keep the disiociited hone in its false 
position so firmly that the victim 



Fig. 49. hi a dislocation the ligamenis 
are torn to such a degree that the ends of 
the bones leave the joint and remain separ- 
ated, the capsule being torn or stretched. 

writhes in pain as soon as e\'cn the 
slightest attempt is made to touch the 
dislocated limb. In such a case it is 
best not to undertake anything, but 
to leave the reduction of the disloca- 
tion to a physidam u ho is acquainted 
with the anatomy of the parts and 
know^s best how to return the bone 
to its joint. It generally takes several 
weeks before the lorn ligaments and 
joint capsule heal and the joint is 
once again fit ior regular, normal use. 
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CHAPTER V 



The Theory of Body 
Proportions 

THE ERECT POSTURE. THE BODY- — A THREE-STOREY TOWER. THE 
PROPORTIONS OF ADULT AND CHILD, REGULATION OF BODY 
PROPORTIONS BY THE ENDOCRINE GLANDS. THE SIZE OF THE BODW 
HOW MAN S FRAME IS ENLARGING. THE FORMS OF TITE BONES. 


I F one wishes to state concisely 
wherein man differs fundamen- 
tally from all other creatures, his 
erect posture must undoubtedly be 
regarded as pre-eminently character- 
istic. Au animal stands on four 
limbs and employs them all for loco- 
motion. It has no free hand and 
must therefore employ its head and 
teeth as tools and w^eapons. Even 
birds, which like man have assumed 
an erect position and become bipeds, 
have not made the most of this trans- 
formation, since they too use their 
anterior limirs for flying and must 
therefore perform all necessary 
manipulations with their heads. 

Jaw or Brain? 

As a result their jaws have stayed 
large and have undergone a special- 
ized form of development to a much 
greater degree than among other 
land animals. They have become 
the hard, horny beaks with which we 
are familiar. The apes are closer to 
man in this respect, but even in them 
the hand is not yet entirely free. They 
use their arms chiefly as organs for 
climbing and locomotion, so that 
among these animals too the jaw is 
still excessively large, while the 
cranial cavity is small. In all animals, 


including the apes, the head is a sup- 
porting structure for the teeth-bear- 
ing jaw. The centre of gra\'i ty of t he 
animal skull does not lie in the 
region of the brain, but in that of 
the jaw. 

Freedom of the Arms 

A pre-eminent characteristic of 
man is the complete liberation of the 
anterior limbs from their locomotor 
function. Man is the only creature 
that does not use his arms for loco- 
motion but rather for independent 
actions. Most other creatures per- 
form their work with their jaws; they 
dig, bore, buiTow% and grasp their 
food wnth their mouths. In man the 
arms have taken over from the jaws 
the function of performing all tasks 
outside the body. The jaws have* be- 
come a part of the digestive appara- 
tus, like the pharynx, stomach, and 
intestine. As a result they have 
growTi smaller, and the cranial cavity 
with its contents, the brain, has ex- 
panded enormously. Liberation of 
the arms from the function of loco- 
motion, transfer of the former duties 
of the jaws to the hands, decrease in 
the size of the jaws, and expansion of 
the braki — these have marked the 
path of human development and are 
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characteristic features of mankind. 

As a result of the erection of the 
bod) the neck acquired a greater de- 
gree of freedom, leading to the 
development within it of the vocal 
apparatus. Among birds, too, a sing- 
ing voice has de^Tloped as a conse- 
quence of erect posture. 

Development of Speech 

In the case of man, however, the 
decrease in the size of the jaws has 
been accompanied by a concomitant 
development of the brain and the 
vocal apparatus. From the co-opera- 
tion of these two structures there has 
arisen, in addition to the wider rabge 
of action of the hand and the thought 
accomplishments of the brain, a third 
achievement, speech. Thought, the 
use of the hands, and speech have 
developed concomitantly with the 
erection of the body. 

Yet the erect posture has brought 
not only advantages for man, but dis- 
advantages as well. As a result of 
raising the head, the olfactory sense 
has become weaker, and the specifi- 
cally human nasal maladies (narrow- 
ing of the nasal chambers, deviations 
of the nasal septum, chronic catarrh) 
have' appeared. In consequence of 
the erect posture, the internal dyn- 
amics of the body have been altered. 

Mian’s Unnatural Posture 

Man has become a biped, but his 
body is built essentially like that of 
a quadruped, so that in relation to 
his internal organization his present 
posture is as unnatural as if an auto- 
mobile should suddenly raise its 
front wheels in the air and begin to 
roll along on its back wheels. All the 
organs of the human body, the lungs, 
heart, blood vessels, and digestive 
apparatus, were originally adjusted 
to a horizontal posture of the body 


BODY PROPORTIONS 

and have suffered as a result of the 
transfer to an erect |){)si{iou. llie 
aeration of the lungs furs been inn 
peded to some extent, and the ap!(es 
of the lungs expand very little during 
normal respiration. Similarh, the 
conditions for the circuiaiioa of the 
blood have likewise grown worse. In 
the animal body the heart needs only 
to drive the blood thro ugii a system 
of horizontal tubes; in the luinian 
body the blood must be pumped up 
from the depths. The heart and 
blood vessels of man have a greater 
burden, and this may be a reason 
why they tend to degenerate rela- 
tively early. The blood stagnates 
easily in the deeply situated parts of 
the body. The veins swell, becoming 
varicose veins in the legs, and haemor- 
rhoids in the rectum. 

Awkward Suspension 

In the horizontal animal body the 
internal organs are suspended from 
the backbone like the washing on a 
line; in the erect human body they 
hang like a flag on a flag-pole. The 
backbone must sustain the pull 
exerted by the combined burden of 
tire viscera, so that individuals with 
a normally curved spinal column 
may almost be regarded as excep- 
tions. In some cases the ligaments 
from which the viscera are suspended 
relax in the course of years and the 
organs sink down (ptosis of rhe 
stomach, floating kidney, prolapse of 
the uterus, etc.). Through spaces in 
the overtaxed abdominal wall the 
intestines may descend and enter ihe 
scrotum, producing an inguinal 
hernia or rupture. 

The Body — a ThreeStorey Tower. 
From an architectonic point of view 
the body is a walking tower, which 
instead of standing on Arm founda- 
tions moves on pillars represented by 
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tile legs [Fig. 51]. On this moving 
roLindation are three storeys. The 
iippeniiost one is the skull; in it live 
organs of the outer germ layer, the 
l)rain and many of the sense organs 
(I), The middle one is the chest; 
here lives the central organ of the 
middle germ layer, the heart, to- 
gether with the middle portion ol 
the skeleton (II). The lower storey 
is the abdomen; in it resides the 
organ system of the inner germ la)'er, 
the digestive apparatiis (III). 

The Proportions of the Adiili. 
Peculiar size relationships, called 
proportions, exist between the parts 
of the tower [Fig. 5a]. If an in- 
di\’idual extends his arms, their spaii 
corresponds to the height of the 
body. As the ancient Egyptians had 
already discovered, the height of the 
body is nineteen times the length of 
the middle finger. The trunk is 
three times the height of the head, 
an arm is three times as long as a 
hand, and a leg three times as long 
as a foot. The surprising propor- 
tional relationships between the 
height of the head and that of the 
body are shown in (a). It should be 
noted, however, that these relation- 
ships are only approximate. 


mal portions. As shown in the illus- 
tration, the location of important 
points of the bod\', such as the nasal 
orifices, the upper and lower edges 
of the breastbone, the navel, and the 


Remarkable Measurements 

The relations between the meas- 
urements of the body and the spinal 
column are quite remarkable (b). 
The end of the spinal column lies 
exactly in the centre of the body. If 
one quarter the length of the verte- 
bral column be added to the upper 
cervical end of the backbone, we 
reach the crown of the head. If the 
length of a backbo’oe plus the extra 
quarter be added to the vertebral 
column, it extends to tlie ground. By 
means of this di\'ision the height of 
the body may be divided into deci- 


Fig. 5 1 . The hitman body is a three-storey 
tower. On the foundation of the thighs 
(IV) stand the three storeys — abdomen 
(III), chest (11), head (I). These three 
storeys correspond to the inner, the outer, 
and the middle germ layer respectively. 
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Fig. 52. The proportions of the human body. In the size relationships of its various 
parts the human body exhibits very remarkable proportions, which are known collectively 
as the canon. At (a) it is seen that the whole body is seven and a half times as long as 
the head; (b) shows the body divided into ten equal portions, of which the head and 
the spinal column together comprise five — half the height of the body. 


pubic symphisis, coincides with 
these decimals. 

The proportions of the face arc 
also very striking [Fig. 53]. A line 
drawn from crown to chin may be 
divided into five equal parts. The 
eyes are separated from each other 
by approximately the width of an 
eye. This distance is likewise equiva- 
lent to the width of ihe mouth and 
the widest part of the nose. 

The proportions of the human 
body prove to us that profound in- 


ternal laws of harnionv regulate the 
formation of the body. I'lu^y also 
reveal to us the mystery of iiuinan 
beauty. We regard as bcatuiftil those 
individuals in whom these propor- 
tions are embodied as purely as pos- 
sible, for instance in the classically 
beautiful statue in Fig. 54. 

The Proportions of the Child. 'The 
law^s of proportion discussed above 
are valid only for the adult human 
body. A child has proportions very 
different from those of an adult. A 
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Fig. 53. The proportions of the human head, (a) A child's head has different propor- 
tions from those of an adult. Not only does the head grow%but in the process of growth 
the various parts of the head shift their position relatively to one another, (b) The 
proportions of the features in an adult. It is plain that the lower part of the skull 
grows much more rapidly during the early part of life than does the upper part. 

child is not only a smaller, but also the cartilage-bone border, thus con- 
a differently constructed human be- trolling those processes that have 
ing [Fig, 53]. A child differs from been represented in Figure 39 as a 
an adult in the relatively large size battle between armies of cells. If 
of the head and the shortness of its pituitary secretion is excessive, the 
legs. In the course of the period of arms and legs grow too long and the 
growth the child’s head is only hands and feet become dispropor- 
doubled in size, while the trunk is tionately large. If the quantity of 
tripled, the arms grow^ four times secretion is too small, the limbs re* 
and the legs five times as long main short. When he was ten years 
[Fig. 55]. If the head of an adult old, Thomas Hasler, the son of a 
were to be replaced with one rela- Bavarian peasant, received a blow on 
lively as large as the head he bore the head. From this time on he be- 
in childhood, it would be so large gan to grow^ abnormally. After twm 
that it would extend from the top years he was over four feet tall. At 
of the head to the level of his nipples, the age of twenty-four he had 
The Endocrine Glands. Like all attained a height of over seven feet, 
metabolic processes, growth and and at twenty-five — he was dead, be- 
the changes of proportion connected cause his entire condition had been 
with it are controlled by the system pathological. Most giants are people 
of endocrine glands. The endocrine w-ith pituitary disease. Such “ pilnit- 
giands that are most important for ary giants ” are like the giant Mach- 
growth are the thyroid in the neck, luw, photographed wdth the anthro- 
the hypophysis (also called the pologist Luschan [Fig. 56]. As is 
pituitary), in the brain, the thymus, evident from the picture, Machnow^ 
located in the chest, and the sex has a normal head and a moderately 
gland. The pituitarv stimulates the developed thorax on legs of elephan- 
growuh of the bones in the region of tine proportions, wdiile his hands are 
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Fig. 54. The classical (Greek) ideal of 
female beauty. It is interesting to compare 
these body proportions with those of the 
Hottentot ideal shown in Fig. 36. 

enormously enlarged. Injury or dis- 
ease of the pituitary may, on the 
other hand, lead to cessation of its 
function and consequently an arrest 
of growth. A. child suffered a head 
injury and stopped growing. At the 
age of twenty-four it was little more 
than three feet tall. It was, as we 
say, a hypophyseal or pituitary 
dwarf. 

The second growth gland of the 
body appears to be the thymus. The 
child is born with a large thymus, 
which continues to grow throughout 
childhood and })egins to atrophy at 


the onset of puberty. Tlie thymus 
seems to exist in a reciprocal func- 
tional relationship to the sex gland. 
As long as an individual has a. func- 
tioning thymus, the sex gland is 
small. This may explain in parr ]>er- 
haps why man gradually ceases to 
grow after achieving sexual mat in itv. 
The inhueiH'c of the sex gland a|)par- 
ently overwhelms that of the tiumus, 
thus slowing down and linally stop- 
ping the process of gro\vth. A nor- 
mal individual continues to gTo\c 
until the appearance of puberty, and 
then gradually stops growing in the 
same degree to which he becomes 
sexually mature. When he has at- 
tained full sexual maturity, at about 
the age of twenty-twa), growth ceases. 

If the sex gland develops too soon 
and brakes ” the growth gland 
(thymus) too early, the individual 
does not grow sufficiently and re- 
mains below the average in li eight. 
Above all, the legs remain short, be- 
cause they grow later and must grow 
more than other parts of the body in 
order for the child to attain the nor- 
mal proportions of the adult. Pre- 
maturely developed individuals re- 
main thickset. Ihey carry a large, 
striking head on a body which is too 
small. This type is not infrequently 
found among intellectual people. 
Napoleon, who was already con<|uer- 
ing the w^orld at the head of his 
armies at an age when the majoriu^ 
of men haye achieved little, and w ho 
attained the height of his }X)w’er at 
the age of forty, is the ty|)e of a thick- 
set individual. Goethe, BeethoNen, 
Richard Wagner, Edison, and many 
other highly creative people repre- 
sent this type. 

On the other hand, if the sex gland 
develops too late, the thymus con- 
tinues to function and the individual 
gi’ows to more than the average 
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height. At the period when normal 
persons cease growing, this type of 
individual coiuiinies to grow, and 
surpasses the normal, average height 
for his age, attaining a height of six 
or six and a hall' feet. Individuals of 
this group are generally very tall and 
exhibit an under-development of the 
sexual characteristics. Men of this 
type are generally not very manly, 
speak in a high-pitched voice, and 
have a delicate, feminine constitu- 
tion. Women of this type, owing to 
the weakness of their sex glands, are 
generally not very feminine, but arc 
rather thin, bony, and devoid of 
feminine grace and softness in their 
movements and expressions of char- 
acter. 

Correcting Abnormality 

Perfectly normal types are rare. 
Most people deviate to a greater or 
lesser degree from the norm. An 
adult can do very little about his con- 
stitution. However, attentive par- 
ents, if they have been trained to ob- 
serve their children objectively, are 
in a position to influence decisively 
their children’s constitutions be- 
tween the ages of nine and sixteen. 
A child whose proportions deviate 
markedly Irom the normal can be 
treated by the administration of hor- 
mone preparations intended to regu- 
late its development. By means of 
hikes, sun-baths, radiation treat- 
ments, a diet adjusted to the needs 
of the body, and encouragement to 
participate in athletic and gymnas- 
tic activities under the supervision of 
an experienced doctor, a great deal 
can be done to adjust any constitu- 
tional deviations. 

The Size of the Body. A new-born 
infant is one foot eight inches long 
on the average and just about reaches 
to the knee of an adult. In the 


course of twenty years man triples 
the length of his body at birth and 
achieves an average heigh i of live feet 
eight inches. Man continues to grow 
even after the age of twenty-live, 
attaining his maximum height at 
about the age of thirlydivc or forty. 
Thereafter he shrinks b\' one centi' 
metre (o..^ inch) in each decade. 
This shrinkage results prc-eminenl Iv 
from a drying-up of the cartilages in 
the joints and the spitial column, 
wdiere the individual sertehiae arc 
separated by cartilaginous intci'vcrtc- 
bral disks, which like raihvav hiillers 
absorb shocks that occur during 
w'alking or rimning. On arising after 
a long stay in bed, one has “ grown ” 
because the intervertebral cartilages 
have become turgid. For a slum 
while such an individual resembles a 
sofa in which new springs have f)een 
installed and the seat in coiisc(|ueiK:e 
has been raised. As soon as this per- 
son begins to w^alk again, the car- 
tilages are pressed together, become 
flattened, and he returns to his nor- 
mal height. Every morning we arc 
taller than w'e were the previous 
evening, but in the course of the day 
we again shrink. 

Seasonal Growth 

Growth varies with the seasons. 
During the sumtner children grow 
more ra])idly than in the winter. 
Children of school age grow 0.4 cen- 
timetre during the winter montlis. 
0.6 centimetre in the spring, attd 1.0 
centimetre during the sumnier. 'Fhe 
male inhabitants of the temperate 
zones attain an average height of 170 
centimetres (five feet eight indies), 
while the height of females is 160 cetu 
timelres (five feet four inches). An 
individual of average proportions 
weighs approximately as many kilo- 
grams as the number of centitnetres 
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by which his height exceeds one 
metre. Tims a man 1.7 metres tall 
weighs about 70 kilograms (154 
pouiidsh a woman wliosc height is 
1.6 metres weighs bo kilograms 
pounds). 

How Man's Frame is EnlarHnw. 

o o 

We frequentlv read o£ tlie progressive 
degeneration of mankind ihrougliout 
history. This theorv of progressive 
degene rati (>11 has been prevalent for 
millennia, yet men have continued 
to go about their business without 
any apparent concern. Hesiod/ one 
of the oldest Greek writers, who lived 
at the commencement of the most 
fiourishing centuries in the history 
of Greece, already complains of the 
deterioration of the younger genera- 
tion and laments the passing of the 
“ good old times.” Present-day man 
is not degenerating, but is improv- 
ing! The better animals and human 
beings are fed, the larger they be- 
come. Shetland ponies are descended 
from the same race as the strong 
horses of Brittany. ‘ They have be- 
come small, however, because they 
live on the bare Highlands of Scot- 
land, where living conditions are 
hard. Bushmen and Hottentots be- 
long to one race, but the former are 
small because they live in the Kala- 
hari Desert. 

Effect of Niitrition 

Moreover, among civilized peoples 
!)ody size increases with wealth and 
^veil-being. London workers are smal- 
ler than leisured country-dwellers, 
but the former are taller than their 
grandfathers, because human nutri- 
tion has grown progressively better 
from decade to decade. Since the 
Stone Age the average size of man 
has increased by five centimetres 
(nearly two inches). During the past 
century alone the average stature in 



Fig. 56. The giant Machmnv visiting 
Felix von Lnschau, the celebrated Austrian 
anthropologist and ethnographer. Mach- 
now is a typical hypophyseal giant. The 
relatively normal trunk is supported on 
enormously elongated legs. Observe, too, 
his thickened and elephantine hands. 

Sweden has increased l)y 0.7 centi- 
metres, by centimetres in Cxer- 
many, and in Savoy under French 
rule by several centimetres. When 
members of the Scottish nobility 
wanted to present a pageant for 
Queen Victoria during her wedding 
tour, they found that the historic 
suits ot armour were too small. The 
descendants had outgrown the arm- 
our of their illustrious ancestors. 
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Environment exerts a considerable 
— indeed, perhaps the strongest — 
influence on body size. Under en- 
vironment we comprehend the sum 
of various factors such as climate, 
character of the soil, water, mode of 
living, and so on. Peoples, families, 
and individuals experience changes 
in body size wiien they change their 
abode and with it their mode of life. 

Supply and Demand 

The Forms of the Bones. Accord- 
ing to the principle of exercise, 
tissues increase in strength at those 
points where they are subjected to 
repeated stimuli. Wherever connec- 
tive tissue in the body of a- moving 
creature was subjected to the pull 
and pressure of external forces, it be- 
came stronger and was organized as 
bone. Thus within living beings we 
always find bones jiist where they 
are required, and always in forms 
most suitable for the corresponding 
organ. In constructing anything 
man acts according to the same prin- 
ciples. He uses stones as he needs 
them for his buildings. For founda- 
tions he takes broacl, heavy blocks. 
For supports he raises columns, and 
arranges the struts in cupolas along 
the lines of pi'essure and traction, in 
a manner similar to the arrangement 
of the supporting bony lattice work 
within the bones of the organism. 
The correspondence of the architec- 
tural principles explains the coinci- 
dent occurrence in the skeleton of 
forms and combinations of bones 
that remind one strikingly of human 
architectural creations [Fig. 50]. If 
the skeleton is considered from the 
feet upwards, all architectural 
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styles " will be found on it. The 
feet are reminiscent of the Pyramids; 
they are built of blocks, have a broad 
base, and end in an apex above. How- 
ever, they do not rest flat on the 
ground, but are arched like the cel- 
lars of our houses, for upon them 
rests the entire weight of the upward- 
rising bone tower. Afiove tlie feet 
rise the columns of the legs. The 
form of the foreleg, witli its edged 
shinbone, is archaic like a Doric 
column. The thigh is lighter, more 
graceful, and ends in a volute like an 
Ionic column. The thigh-bones bear 
the pelvis, which is constructed like 
the arch of a gate, and its union of 
mass and soaring lightness reminds 
one of a baroque portal. 

Living Architecture 

Yet again, the thorax above the 
pelvis is composed of pointed arcs, 
the ribs, all striving upwards in the 
Gothic manner; while high above all 
these structures the roof of the skull 
arches like the cupola of a Renais- 
sance cathedral. An imaginative 
artist could put together a skeleton 
based on various elements in the 
history of art, by depleting it as a 
composition of pyramids, Doric 
columns, Corinthian capitals. Gothic 
buttresses, and Romanesque rnotifs. 
The richness of style of the human 
skeleton reveals its origin. It was not 
constructed all at once, but has be- 
come what it is today by passing 
through and experiencing all the 
ages and stages of the development 
of life on the earth. It is the collect 
tive product of a history of bone 
structure extending over millions of 
years of progressive evolution. 


CHAPTER VI 


The Skeleton 

STRUCrURE OF fHE SKELETON. THE VERTEBRAL COLUMN. CURVATURE 
OF THE SPINE, THE THORAX, RIBS, AND PELVIS. THE LIMBS. THE 
HAND AND FOOT. STRUCTURE OF THE SKULL. THE SKULL SPACES. 
THE CEPHALIC INDEX. THE CRANIAL SUTURES. THE BASE OF THE 
SKULL. THE HUMAN FACE. INTERMAXILLARY BONE AND HARELIP. 
THE LOWER JAW (mANDIBLE). MAN — THE SPEAKER. 


M an is not a machine artificially 
put together by combining 
various pieces, like an automo- 
bile, which has a precisely determin- 
able number of: parts, but rather a 
living creature in the midst of a pro- 
cess of development. At one point 
parts are coming into being; else- 
where others are in the process of 
degenerating; here historic old bones 
that are no longer needed coalesce, 
and one is at a loss as to whether 
they should be counted as a unit or as 
separate parts; at still another point 
bones are in a state of dissolution. 
In short, the number of bones varies 
with different individuals. The total 
number of bones in the adult body 
is more than two hundred. We may 
perhaps take the number as an 
average. 

The Vertehml Column, The axis 
of the skeleton is formed by the verte- 
bral column composed of or 34 
vertebra!. The upper vertebrae are 
light, because they do not have much 
to carry, and resemble the upper 
storeys of high buildings; while the 
lower ones are strong and stout, be- 
cause they function as supports, 
analogous to the large stone blocks 
in the foundations of our houses. The 
vertebrae are divided into five groups: 


cervical, thoracic, lumbar, sacral, and 
coccygeal. There arc seven cervical 
vertebne, twelve thoracic vertebrte 
combined with the twelve pairs of 



Fig. 57. The vertebral column: (a) the 
vertebra: form a chain of articulated links. 
The uppermost vertebra is the atlas, which 
supports the skull. Below the atlas is the 
axis, which enables the head to turn from 
side to side, (b) Ligaments keep the 
vertebra: in place, yet allow move mem 

ribs, five lumbar vertebrae in the pos- 
terior wail of the abdomen; five 
pelvic vertebrae that have grown 
together to form the sacrum, and 
finally five coccygeal \ertebrae no 
larger than cherries and peas 
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Fio. 58. The human skeleton — masterpiece of strength and harmony. 






Fig. 59 . The neck of the giraffe has 
descendants of a common primordial J 


rings and superimposed on one an- 
other, forming a hollow column 
within which the spinal cord is en- 
closed and suspended [Idg. 57]. The 
rings are peculiarly moulded, and 
here tlieir edges come 
ith one another joints 
1. Some vertebrae 
than ten iirticular sur- 


attached to the pelvis as degenerated 
remnants [Figs. 58, 6-]. li we were 
to compare a giralle with a tiny 
shrew-mouse that can walk on one s 
finger, or an elephant with a hedge- 
hog, so small that the elephant’s foot 
can crush it to a pulp, we might at 
first glance be willing to swear that 
the o'iraffe has at least three dozen 
r-pwirnl vertebrx, while the hedge- 


at the points wJ 
into contact wi 
have developed, 
have no less t.... 
faces. Each joint permits only a very 
slight movement, but the sum of all 
the movements of the 150 veitebial 
joints results in the astounding fact 
that the spinal column as a whole 
can be bent like a steel ruler The 
first two vertebrte differ from the 
rest because they have become 
specialized to carry the head. In 
Fig-ure 57 they are seen as the two 
uppermost vertebne. T he fust is 
called the atlas because it bears the 
^kull as the giant Atlas carried the 
earth. The second is called the axis 
because it has a bony peg around 
which the atlas carrying the skull 



THE SKELETON 


72 

rotates like a railway engine on a 
revolving platform [Fig. 60]. Axis 
and atlas form a complex combined 
joint. When we nod the head in 
assent, we are see-sawing the skull on 
the runners of the atlas joint like a 
rocking-chair or a tip-cart (3). On 
the other hand, if the liead is rotated 
from side to side in denial, it is be- 
ing turned on the pivot-joint be- 
tween tlie atlas and the axis as on a 
rotating platform (3). 

Shape of the Spine 

The spinal column is not a column, 
but rather a spiral spring bent into 
the shape of an S [Fig. 61]. A new- 
born child comes into the world with 
a straight backbone. Only as a result 
of creeping, walking, and keeping 
the head erect is the originally 
straight column bent into an S. 

The S-curvatiire of the spinal 
column is an “ elegant ” solution of 
the problem in question, by means 
of which six advantages are gained: 

1. An individual with a straight 
spinal column would be pulled for- 
ward by the weight of the viscera 
suspended anteriorly. To retain his 
balance he would have to pull his 
shoulders backward, by means of 
the S-CLirvatiire, however, the hang- 
ing weight of’ihe visceral mass is kept 
above the lower supporting point in 
the pelvis, so that the individual is 
able to balance himself and his 
poorly distributed load with a toler- 
able degree of security while walking 
or standing. 

2. The S-curvature absorbs all the 
jars of walking on a hard pavement — 
and they are rather hard for a biped 
of a hundred and fifty pounds. A 
straight backbone would conduct 
every shock from the pelvis directly 
to the head. Each evening we should 
go to bed withaterrificheadache,and 


an awkward jump could possihlv re- 
sult in a skull fracture produced by 
means of a concussion effect. 

3. The double bend of the spinal 
cord produces additional space; the 
thoracic viscera lie in the upper 
curvature, the abdominal mgans in 
the lower one. 

4. Owing to the repeated curva- 
ture the weight of the three masses 
supported by the spinal column is 
divided among the three arcs of the 

S. The upper sector carries the head, 
the middle one the thoracic viscera, 
and the lower one the abdominal 
organs. In a straight backbone the 
weight would increase from the top 
downwards, resulting in an unbear- 
able load at the bottom. 

5. Curvature increases the carry- 
ing capacity of the spinal column. 
Three superimposed arches can 
carry considerably more than a 
single column. 

6. By means of its curvatures the 
vertebral column is protected against 
fracture. A tall pole breaks easilv, 
while a doubly bent spring yields 
when subjected to force. How foi'- 
tunate that the spinal column is not 
what its name indicates it to be — a 
column! 

The Spinal Cord 

If an engineer were given the job 
of constructing the vertebral column 
— a flexible column consisting of 33 
rings with 150 joints and almost 
1,000 ligamentary connections, cap- 
able of supporting a load of 500 
pounds, and yet flexible and elastic-™ 
he would perhaps solve the prolffeiii 
tolerably well after a number of 
years of constructive aclivity. Yet 
he would not be able to equal or sur- 
pass the work of Nature. If on the 
day wlien he delivered his work, the 
hiither task were suggested to him 



le skull is situated on the vertebral column like a tip-cart on a turntable; 
ead nods '' Yes^"' the cart tilts on the runners of the first vertebra, 
(3) when the head says No f the skull turns from side to side on 
the turntable of the second vertebra f the f'’ axis N 


dared this difficult task and, as our 
well being indicates, has solved the 
problem perfectly. Within the verte- 
bral column upon which the head is 
balanced above, from which the 
viscera are suspended in front, and 
to which heavy legs are attached be- 
low, we carry an extremely delicate 
and sensiti\'e nerve structure [Fig. 

This nerve structure, called the 


of installing the spinal cord within 
this vertebral column— that is, of lay- 
ing a nerve cord consisting of mil- 
lions of wires that pass out between 
the rings and are not injured in the 
least by any movements of the spinal 
column itself or the body as a whole 
—the engineer would certainly con- 
sider the suggestion the plan of a 
madman. Nature, however, has 
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spinal cord, is enclosed in the spinal 
coluiim like a candle in a lantern. 
It divides into many dozens of nerve 
Hhres 1 hat accompany the spinal cord 


Fig. 61. The flexibility of the backbone. 
Despite its strength the backbone can be 
nt like a bamboo stick. The spinal cord 
is suspended within it (Fig, 33) without 
being injured, or without our even knowing 
that it is there — a most daring technical 
achievement, an ingenious solution of a 
mechanically difficult problem. 

within the canal of the vertebral 
column and pass out between the 
vertebne. We can jump, ride on 
ugh roads, and engage in strenuous 
sports like boxing without anything 
happening to the spinal cord, so that 
people pass through life witli- 
ever having learned that there is 
spinal cord in the backbone. 

C u rval ure of the Spine. There are 
people with ideally curved 


spines. On the contrary, everyone 
deviates to a greater or lesser degree 
from the technically ideal form. 1 he 
three most frecpient deviations are: 

1. The round back — the result ol 
an extreme posterior thoracic curva- 
ture. 

2. The hollow back — due to an 
extreme form of the anterior lumbar 
curvature. 

Lateral deviations of the spinal 
coiumn from the perpendicular, a 
condition called scoliosis. 

The frequency of curvature of the 
spine is due to various causes: 

1. Defective accommodation of 
the individual to an erect posture. 
The erect posture of the body is a 
relatively recent acquisition, and the 
body is not yet satisfactorily adjusted 
to the new demands arising out of 
this altered situation. The mech- 
anics of the erect body are technically 
unfavourable and the spinal colunm 
cannot yet satisfy these demands. 

2- Congenital weakness of the 
ligamentary apparatus. In many 
families the individuals suffer from 
a congenital weakness of the connec- 
tive tissue and the ligaments. The 
members of such families tend to 
have varicose veins, hernia, flat feet, 
and curvature of the spine. 

3. Overburdening of the spinal 
column during childhood. In many 
families and occupational classes the 
children begin to work too early at 
home or in the business world, and 
generally at tasks far beyond their 
physical capacities. To he sure, the 
parents are proud of the child’s 
achievements, but in many cases the 
spine suffers as a result. Tasks that 
demand the continued use of one 
side of the body, such as carrying- 
water, selling newspapers, the carry- 
ing of small children by older sisters 
who themselves are still children, 


I 
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uikJ the like lead to excessively preva- 
ientt lateral curvatures, scolioses, 

4. Habitual postural errors. Many 
activities lead individuals to assume 
poor postures. Among’ these activi- 
ties writing is very important. 

5. Deterioration of the spinal 
column. In order to remain capable 
of functioning, an organ must be kept 
active. It should be neither over- 
taxed nor condemned to inactivity. 
The spinal column of modern man 
works too little. Modern man spends 
half his life or even longer sitting at 
a desk, a sewing-machine, a work- 
bench, or the wheel of a car. There 
lie sits without moving and cramps 
his spine into one position. After 
his work is over he relaxes, and again 
lie sits in an armchair or in a well- 
upholstered car, or he reads, listens 
to the radio; plays cards, or takes a 
nap in an easy-chair. This unhealth-, 
fill mode of life already begins dur- 
ing childhood. In school the pupils 
sit for many hours in tlieir seats. On 
the one hand, this is an excessive 
burden for the child’s spine since it 
must carry the weight of the head, 
which is still quite heavy in school- 
children/ throughout the entire 
period of instruction. On the other 
hand, the spine is inactive for loo 
long a period, because as a result of 
sitting continuously in one place the 
spine becomes cramped without hav- 
ing any possibility of movement. In- 
struction should begin every morn- 
ino- with some form of exeixise and 

O' ■■■■■■ ' 

end in the same manner at noon. The 
best form of exercise for the spinal 
column is the carrying of objects on 
the head. Children should be taught 
to do this because they will certainly 
practise it ivith great pleasure. The 
balancing of objects on the head 
forces all parts of the spinal column, 
even the smallest and most delicate 





Fig. 62. Diagram of the skeleton of ike 
trunk: (a) the skull; fb) the thorax; 
(c) the pelvis. These groups of bones are 
all attached to and sup nor ted bv the spine. 


muscle groups and the most secluded 
ligaments, to become active and to 
respond rapidly to stimuli. Nowhere 
can one see individuals with such 
good posture, such graceful move- 
ments and healthy spinal columns 
as in those countries where the 
women carry their baskets and jars 
on their heads. 

The Thorax. Consider the de- 
velopment of the skeleton as depicted 
in Figure At first the spine is 
actually only a spinal column. Later, 
however, it becomes a structure for 
the protection of the soft parts and 
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envelops ihc spinal cord on ihe one 
side and the viscera diat are suspen- 
ded i;roni it on the otiier. Of these 
enveloping bands the tour anterior 
ones grow together to form the most 
primitive part of the skull, the 
middle twelve form the thorax, and 
the posterior five the pelvis. Skull, 
thorax, and pelvis are the three “ out- 
growths ” of the vertebral column. 

Development of the Chest 

In animal bodies siipjiorted 
liorizontally on four legs, the viscera 
are suspended from the backbone 
like rvasliing on a line, as said before. 
Consequently the three outgrowtlis, 
skull, thorax, and pelvis, arc narrow 
and point earthwards. But in man, 
whose body stands upright, the loads 
of the skull, thorax, and pelvis are 
differently distributed so that they 
have developed as broad, round 
basins. A round head, a broad, freely 
rounded chest, and a broad bowl- 
shaped pelvis are three characteris- 
tics that differentiate man from 
beasts. No animal has such a widely 
arched skull. Nor has any animal 
a pelvic ‘"bowl” like that of man, 
and even less like that of the human 
female, wdiich is predestined for the 
function of child-bearing. At birth 
both the chest and the pelvis of the 
child are still narrow and remini- 
scent of the animal form. A child, 
wBich is indeed still a “ quadruped ” 
at birdi, comes into the world with a 
“ dog’s chest.” It is less than four 
inches deep and a little more thaji 
four inches wdde. Not until after the 
onset of puberty, between the ages of 
fifteen and thiily, does man expand 
laterally and acquire a specifically 
human chest, which then becomes 
about nine and a half inches deep 
and a little over fourteen inches wide. 
The ratio 10: u becomes the ratio 


10: 15. The structural dimensions 
of the skeletal portions of the female 
trunk (thorax-pelvis) surpass those of 
the male, for the female body, in view 
of the child-bearing function, inusl 
be relatively more roomy tlian that 
of the male. Consequently the female 
thorax is wider, just as the cover of 
a large pot must be larger than that 
of a small one [Fig. Gy,]. 

The Ribs, The bony bands which 
the vertebral column sends fortli an- 
tcriorlv to close the thoracic viscera 
are called ribs. The number of ribs 
decreases the higher one ascends in 
the mammalian group. The iiiosi 
primitive anthropoid, the gil)l)on. 
has fourteen; gorilla and chim})an/ee 
have each thirteen: the oratig-utaii, 
like man, has twelve pairs of ribs. 
During the early part of his embry- 
onic life man has thirteen pairs of 
ribs — probably a relic of the past. In 
six per cent of human iiKlividuals 
this thirteenth pair of ribs persists 
even after birth. 

Breathing Exercises 

Anteriorly, in the mid-line of the 
body the ribs are united by a broad 
plate of bone which points down- 
ward like a dagger suspended from 
the neck. This is the breastbone or 
sternum. The ribs are attached to 
the sternum by means of the costal 
cartilages. These cartilages are elas- 
tic, thus aiding in the expansion of 
the chest during inspiration, llie 
circumference of the luimaii chest is 
in part dependent on the manner of 
breathing. Since the thoracic cage 
contains a good deal of cartilaginous 
tissue and is mobile, it is easier to in- 
fluence it by means of exercise than 
any other pan of the skelelon. If a 
young man engages in athletics the 
circumference of his chest increases. 
The most rapid increase is achieved 



Fig. 63. Male and female skeletons. A man (Left) has a narrower thorax, but a more 
powerful shoulder girdle, a narrower pelvis (and consequently a narrower and smaller 
abdominal cavity) than the woman (Right), The heavy black lines clearly bring out 
these differences between the male and the female skeletal structure, 

by means of rowing. In this sport interrupted for several minutes dur- 
the thorax is actively distended by ing which the pupils can straighten 
the pull of the muscles of the arms out the vertebral column and expand 

and the chest, and it also demands the chest by deep breathing [Fig. 64]. 

the greatest amount of respiratoiw The Pelvis. The possession of a 
activity on the part of the body. genuine pelvis — that is, a bowl- 

Naturaliy, breathing exercises and shaped container for the viscera — is 
correct methods of breathing also a prerogative of mankind. If a be- 
favour the growth of the thorax. In ginner in the study of biology be 
schools, instruction periods should be asked to indicate the most striking 
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diilerences between animal and a “ pelvis ” organism. In the human 

human skeletons, he will almost al- species, as in all other animal gioups, 

wavs point to the skull or the hand, nature has instituted a division oi 

Neither example is quite conclusive, labour between the sexes. AVoinan s 

By far the most characteristic struc- chief biological function is the bear- 

ture of the human skeleton is the ing and raising of children, while 

s, and in no part of the skele- man is destined by nature for other 

far removed from the activities. Perhaps the future de 

velopinent of civilization will free 
woman from this task, and lead to 
new developments in tliis tispect of 
human life as in so many others. 


Fig. 64. Breathing exercises performed 
school hours in up-to-date schools 
prevent narrow-chestedness and pulmonary 
es, by expanding chest and lungs. 

animals as in this. The general atti- 
tude of contempt and belittlement 
vv^iili which this part of the human 
body has been regarded in human 
society is entmely unjustified, 
has surpassed man in the 
on of the pelvis. In this mat- 
she is more “ human ” than man. 
Man has surpassed woman, however, 
the size and shape of the skull, 
skull” creature, woman 


Differences of Sex 

Comparison of the male and 
female skeletons renders their differ- 
ences very obvious, es|)ecially if one 
has spent some time in examining 
the picture and studying the details 
[Fig. 63]. In the female the shoulder 
girdle is less strongly developed, 
while tjie abdominal cavity is much 
more roomy. The internal dimen- 
sions of the female pelvis, in particii- 
, are much wider than those of 
the male, for it is through this bony 
passageway that the child passes on 
its way from the mother’s body to 
the external world. If a woman's 
pelvis is pathologically narrowed, 
the child may have great difficulty in 
being born, or birth by way of the 
natural passages may even become 
impossible [Fig. 65]. If the possibility 
of a natural birth exists, but the 
woman’s own powers do not suffice 
to expel the child, it must be extrac- 
ted through the narrow pelvis b\ a 
physician, with the aid of tiie obste- 
trical foixeps. If it is impossible for 
a natural birth to take place, the 
child must be removed from the 
mother’s body by Ctesarean section — 
that is, by opening the abdominal 
wall and incising the uterus. It is 
reported that the kings of certain 
African Negro tribes in inspecting 
their prospective brides are less con- 
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Fig. 65. The significance of the pelvic measurements for mother and child: (a) when 
the pelvic dimensions are normal the child is able to pass through the pelvic canal at 
birth and thus leave the mothers body; (b) if the pelvis is contracted the child is unable 
to pass through it and must be removed from the mother s body by a Cctsarccm operation. 

cerned about the frontal appearance pending on its location in the arm 

of these women than about their ap- or leg respectively, then two bones 

pearance from the rear. This pos- situated side by side, called radius 

terior inspection is not so comical and ulna in the arm and tibia and 

as it may appear to us. A woman fibula in.the leg, and linally a num- 

with a narrow pelvis is actually not her of small bones composing the 

suited for marriage. Consequently wrist or ankle, and the hand or foot, 

the general physical examination In the quadruped ancestor of man, 

which should precede every marriage before he assumed an upright posi- 

ought to include an examination to tion, both performed identical func- 

determine whether the woman has a tions. As a result of the change in 

pelvis of normal dimensions and is posture, however, their functional 

capable of giving birth to children development has been in diametri- 

in a normal manner. cally opposite directions. Tlie leg 

The Ann and Leg. The structure became a bearer of ])iirdens, while 

of the arms and legs corresponds like the arm became a free artist. The 

a picture and its mirror image arm was freed of its former duties, 

[Fig. t)G]. These paired appendages which were now a.ssigned to the leg, 
are composed essentially of a bony The arm is attached to the Ijody by 
tripod, the girdle, whiclmanchors the means of the shoulder-girdle, the leg- 
limb to the backbone, a long bone by means of the pelvic: girdle [Fig. Gg} 
known as the humerus or femur de- The parts of the girdles arc bomolo 



IG 66 The arms and legs are homologous in their structure; that is, they consist 
f corresponding segments. They correspond to the limbs of other mammals even when, 
the ca.se of the horse, the animal has another type oj walk. A horse stands on 
tips of its middle fingers and has its knee-joints in the body. In the case of whales 
and seals the corresponding bones are found hidden in the fins. 


8o 

oous; that is, each bone has its 
auinterpart in the corresponding 
oirdle in irout ol' or behind it, as the 
case may be. The elevated shoulder- 
girdle is light. and oi' a much more 
Sexible construction, while the lower 
pclvis is heavy, strong, and firmly 
fixed to the axial skeleton. The arm 
hangs freely from the shoulder; the 
leg "is fitted deeply into the pelvis 
like a supporting pillar. The leg 
supports and carries, while the aim 
is carried. Under the burden of the 
trunk the legs have become arched 
in their upper portions, the neck 
of the thigh-bone thus forming a 
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supporting ■‘ti'ch beneath the hips. 
The bones and ligaments composing 
this arch are the strongest in the en- 
tire body. Owing to the great load 
which they carry, the necks ot tiie 
thigh-bones are the most vulneralile 
points of the skeleton. In children 
they are frequently attacked ly 
disbse (tuberculosis of the hip- 
joint), and thev are easily Iractured 
in old people (fracture of the neck 
of the femur). „ 

The knee-joint is the. strongest of 
all joints, while' the elbow-joiiit is 
functionally the most versatile joint 
in the body. The knee-joint is 
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governed by ten rausdes, held to- 
gclhei' b) ten Ilgam eii is and sur~ 
roimded !)y ihirteeii mucous bux'Sce 
[Fig, .17]. In front it is protected bv 
(he lyaleila (knee-cap) like a shield. 
In its interior are two cartiiaginous, 
approximately semi-circular disks 
that serve to deepen the surface of 
the head of the sliin-bone for articu- 
lation with the thigii-bone. The\ 
assist in restricting the area of 
motion of the articulating bones, so 
that they cannot slip away from each 
other and become disjointed. 

Acrobatics . 

Let us try to grasp the actual signi- 
ficance of the fact that man stands 
erect! [Fig. 67], On the floor rests 
the foot with its domed arch (a). On 
this arch the stiit-iike shin-bone is 
balanced (b). Above the shin-bone, 
the thigh-bone, with a knob at one 
end and thus resembling a walking- 
cane, is balanced at the knee-joint 
(c). On the spherical handle of this 
cane the pelvis is balanced (d), and 
above the pelvis rises the spinal 
column with its thirty vertebne (e). 
Upon the uppermost vertebra the 
large sphere of the skull is balanced. 
This structure stands erect! It can 
jump, and even perform knee-l)ends 
(II). Just imagine what people would 
say if an acrobat were to balance 
spheres, stilts, canes, and a column 
of thirty small cubes in such a man- 
ner that the entire structure could 
imitate a knee-bend ! 

The elbow- joint is a masterly con- 
struction, too, but of a very different 
type. The knee-joint is adapted for 
strength and the function of loco- 
motion, the elbow-joint for freedom 
and flexibility of movement. The 
elbotr-joint is not a simple hinge- 
joint like that of a finger or a pocket- 
knife, but is combined with a pivot- 


joitu between the two bones of the 
forearm, if liie arm is exlemled witii 
the palm up and (he shoulder-joint 
kept steady while I he hand is rotated 



Fig. 67. The hinnan carrkr^e { !) and gait 
are highly artistic achie vements, even from 
the mechanical point of view alone; a knee- 
bend posture as in (!!) is a masterpiece 
of poise and articulated balance. 

until the back of the hand is turned 
upwards, it can Ixe observed that one 
bone (radius) of the forearm rotates 
about the other (ulna). It is this 
joint that is employed in all rotary 
movements of the forearm — for ex- 
ample, opening locks, turning the 
pages of a book, or uncorking bottles. 

The Hand. The view that the 
human hand is the greatest achieve- 
ment of mankind is a general and 



widespread error, 
opposi te is the case. In contrast with 
most other ptirts of the human body, 
the hand has remained a leather 
primitive part of the skeleton. As 
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Exactly the animals mode of life. 


The hand 

of the ground-hog has become a dig- 
ging tool that of the elephant an in- 
strument for stamping. Man, how- 
ever, has I'etained the ancient hve- 


Fig. 68. The normal foot (a) is an elastic arch. If this arch drops under the weight 
of the body the result is a fiat foot (b). Compare with Fig. 69, where a simple method 
of testing the condition of your arches is illustrated. 


fossil remains indicate, the primitive 
batrachians, from which all land 
vertebrates are derived, had a live- 
fingered “ hand.” From these crea- 
tures developed higher animals that 
lived many millions of years ago dur- 
ing the Permian period and left be- 
hind “ footprints ” that are not 
footprints at ail, but rather hand- 
prints. For this reason these extinct 
animals have been named Cheiro- 
theria, '‘Hand-animals.” At that 
time the ancestors of most modern 
mammals — for instance, primitive 
horses, predatory animals — still had 
genuine hands. 

In the course of history almost all 
animal species have specialized their 
hands. In birds the hand has become 
a wing, in the horse a hoof, and in 
the lion a paw. In each case the 
hand has been well adapted for the 


fingered hand. The only specifically 
new human acquisition is the 
“ apposition ” of the thumb. The 
thumb has wandered away from the 
other fingers and has assumed a posi- 
tion of apposition in relation to 
them. If the hand is opened and 
closed its specifically human quality 
is immediately apparent. In closing 
the hand the inner surface of the 
thumb approaches the other fingers. 
It is this circumstance that has dili'er- 
entiated the human hand from re- 
lated structures in animals and made 
it into an organ literally capable 
of “comprehensive” achievements. 
The apposition of the thum!) and 


the fingers is one of the few 


speci- 


fically human characteristics of our 
body. 

The Foot. The foot differs from 
the hand in that the bones between 
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the heel and the toes arc arranged 
in the form of an arch. While the 
corresponding portion of the hand 
(the palm and back of the hand) has 
assnmed a secondary role in its func- 
tion, just the rc\erse has taken place 
in the development of the foot. The 
tarsus or root of the foot, comprising 
the bones between the heel and the 
toes, has become of primary func- 
tiona} importance, while the toes 
have degenerated. Originally the 
tarsal bones were situated next to one 
another in a horizontal plane like 
the corresponding bones of the hand. 
As a result of die action of the forma- 
tive forces brought into play by the 
weight of the body, howe\er, they 
have been transformed and re- 
arranged so tluit at present they fonn 
a pyramid, the base of which has 
been hollowed out to form an arch. 
This latter feature is the most re- 
presentative characteristic of the 
foot [Figs. 50, 67, 68]. 

The foot is a tripod, for it stands 
on three points: the heel at the back 
and two supporting points in the ball 
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capsules, ligaments, tendons, and 
muscles. From a technical point of 
view springy arches are the best type 
of construction for structures that 
have a supporting function. The 
space immediately beneath the arch 
is filled with fat. Through it pass 
the blood vessels, nerves, and tencions 
of the toes without being squeezed 
during walking. 

Man is a child of nature, and as 
long as he tvent about barefoot out- 
doors he was probably unacquainted 
with any foot maladies; for the 
irregular and resilient character of 
the natural soil forces the foot to 
assume a new attitude and a new 
state of tension with every step. Un- 
der these conditions the entire foot, 
including the most delicate muscles 
and ligaments of the arch, are com- 
pelled to be active, with the result 
that all parts of this organ are well 
exercised. On the smooth city 
streets and hard floors of our houses, 
however, only a few identical points 
of the foot are repeatedly stimulated 
and put under tension. The result 



Fig. 69. Notice the tracks oj your feet on the bathroom floor. A nornuil, healthy 
foot, with properly raised arches, leaves bean-shaped tracks (A); if the centre sole 
leaves an impression, the person is flat-footed (B). More than ten per cent of modern 
city-dwellers suffer from flat feet and consequent disorders. 


of the foot. Over these three points 
the foot forms an arch which is elas- 
tic and springy owing to its special 
construction — that is, the arrange- 
ment of the bones, cartilages, joint 


is that the fc^ol adapts itself in a 
specialized manner to these uniform 
stimuli. It remains in a state of 
spastic tension. This spastic state 
produces a disturbance of nutrition; 
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Fig. 70. A schematic representation of the five stages in the development of the skull. 
(!) Intestinal canal I (V) vertebral body; (N) neural tube; ( J) jaw; (B) brain; (O) 
occipital part of skull; (F) frontal part of skull; (T) temporal part o f skull ; (N) nasal 
portion of facial skull; (E) orbital portion of facial skull; (P) parietal skulL The 
process of development is fully explained in the text. 


the tissues become titled, anaemic, 
weak; the arch ot the foot becomes 
unable to bear the load of the body 
and drops down. Dropping of the 
arch occurs in more than ten per cent 
of modern urban inhabitants, giving 
rise to flat feet. On .stepping out of 
a bathtub, observe the prints made 
by the wet feet. If the tracks are 
kidney-shaped, because the inner 
half of the arch does not come into 
contact with the floor, the foot is 
normal. If the prints have the shape 
of a sole, because the entire sole 
touches the floor, the foot is flat 
[Fig. 69]. _ 

A certain number of cases of fiat 
feet arise as a result of a constitu- 
tional disposition. The connective 
tissue of such indi\aduals is naturally 
weak, and just as they may suffer 


from curvature of the spine, they are 
also liable to dropping of the arch 
of the foot. In the majority of cases, 
however, flat feet are ac(|uired in the 
course of a lifetime either as a result 
of engaging in an occupation where 
workers are rec|uired to stand for very 
long periods — for example, bakers, 
waiters, washwomen, sales-people in 
stores, factory workcr.s — or because of 
incorrect training and modes of life. 

The Structure of the Shull. On 
superficial examination the skull 
appears inextricably complicaled 
[Fig. 74 (I)]. Actuaily, however, it 
is built just like ihc thorax and the 
pelvis. It consists originally of two 
outgrowths of the s}}inal column, one 
of which grows around llie intestinal 
tube anteriorly, and the other around 
the neural tube posteriorly in order 
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to protect these structures [Fig. 70]. 
The jaws have de\'clo|)cd iroin the 
auterior arch, while ihc {.)osterior one 
as a result ol' various Iransrorniatioiis 
has become the bouv' capsule of the 
brain. In order for the human tower 
to be able to orient itself as it moves 
about in its environment,, three pairs 
of sensory-organ canals have been 
pierced in the skull : the nasal cavity, 
the eye cavities, and the auditory pas- 
sages. The upper part of the skull, 
in which the brain rests, is called 
the cranium; the lower part sur- 
rounding the mouth and containing 
the nose and the eyes is known as the 
facial skeleton. The cranium and 
the face are separated by a plate of 
bone called the base of the skull, jusi 
as two storeys in a house are separ- 
ated by a floor [Fig. 74 (11, a— d)]. 

Position of the Brain 

On the floor of the skull lies the 
brain, or it might perhaps better be 
described as suspended over it. The 
brain rests within the skull like a 
large cheese under a bell- jar. The 
plate upon which the brain rests is 
the floor of the skull, the jar that 
covers it is the cranium. 

The Skull Spaces. At birth the 
bony plates of the skull are still very 
soft and separated by slight spaces. 
At these points the bones possess a 
certain degree of mobility so that 
they may be pushed together or even 
overlap one another at the edges. 
This fact helps to explain how dur- 
ing the birth of the child its rela- 
tively large head can force itself 
through the narrow canal of the 
pelvis [Fig 65 (a)]. After a difficult 
deliverv the child’s skull looks like 
a felt hat taken out of a trunk after 
a long trip. It is common know- 
ledge, however, that a felt hat sus- 
tains such an experience without any 





cavity; ( II) is the nasal cavity; ( 111 ) the 
orbital cavities, and ( IV) the cranial cavity. 

damage. If the skull of a baby is 
palpated during the first few months, 
one can feel that the bones are as soft 
as cardboard, and that there are gap- 
ing spaces between them. The largest 
gap is situated anteriorly above the 
forehead, while a second is located 
posteriorly in the back of the skull 
between the occipital and parietal 
bones [Fig. 65]. These uncovered 
areas have been named fontanelles 



because the pulsation o£ the blood 
vessels oi the baby’s brain can be 
seen and felt through these spaces 
and suggest “ little fountains.” In 
the course of the first two years the 
fontaneiles close. Fiinctionally, they 
are reserve spaces; in childbirth the 
mobility which they permit is of great 
practical value, while after birth they 
permit the further growth of the 
cranium. The bones of the skull 
grow into and. fill out these spaces, 
permitting the growth of the brain. 

The Cephalic Index. The child’s 
head is very plastic owing to the soft- 
ness of the cranial bones and the pre- 
sence of the spaces between them. 
The Peruvians compressed the 
heads of their children to produce 
elongated skulls. Among many 
primitive peoples the children’s 
skulls are artificially deformed. The 
ratio of the length and breadth of 
the skull is designated as the cephalic 


Consequently the 


index. The greater length is always 
considered equal to loo and the rela- 
tive width is calculated on this basis. 
Thus if a skull is 180 mm, long and 
150 mm, wide, its index is calcu- 
lated according to the fornmia 

Consequently the 

100 Index. 

^ , 11^0x100 „ 

Index “ -d 8‘].33. Skulls 

180 

having a cephalic index below 75 
are characterized as long-i leads 
(dolichocephalic); skulls with an in- 
dex between 75 and 80 are classed 
as mesocephalic; and those with an 
index over 80 are round-heads 
’ (brachycephalic). The shape of the 
skull has absolutely no significance 
for the evaluation of the capacities 
of an individual. The shape of the 
head can be influenced at will. 
According to purely mathematical 
principles, the human skull should 
actually approach closer to a spheri- 


Fig 72 Skull types: (a) female gorilla, showing the characteristic feature of the apt 
skull, the rejaUvely large facial portion below the eyes as compared to the smallei 
portion of the brain above the eyes; (b) the French mathematician and philosophe, 
Pascal had a my round, flattened skull; (c) Sir miter Scott, the novelist, had a, 
extremely high tower"' skull with an enormously developed forehead. In human 
beings the shape of the skull has no influence whatever upon mental development. 
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SHAPE OF 

cal form as the brain grows larger, 
for a spliere is a body combining the 
greatest capacity with the smallest 
■surface area. > 

However, the form of the skull not 
only is dependent on the type of care 
received during infancy, or on the 
growth of the brain, but is also in- 
fluenced by a large nimiber of other 
factors, of which in some instances 
little is yet known. In mountainous 
regions there are more long-heads, 
while there are more round-heads in 
plains districts. No connection ex- 
ists, however, between the shape of 
the head and intellectual capacity. 
There are longdieaded and round- 
headed dunces as well as long-headed 
and round-headed geniuses among 
all peoples and in all social classes 
[Fig 72]. 

The Cranial Suttires. The bones 
of the skull do not grow together 
and unite, but instead they develop 
zigzag edges which dovetail together 
in an interlocking joint [Fig. 74 (I)]. 
These zigzag sutures hold the bones 
firmly together while at the same 
time permitting a very slight degree 
of mobilit)'. A skull can be compres- 
sed in a vice for several centimetres 
without bi'eaking. 

T he Base of the SkulL The brain 
rests on the floor of the cranial cavity. 
The base of the skull is not smooth, 
but rather moulded into a very com- 
plicated, one might almost say 
bizarre pattern [Fig. 74 (11)]* Pos- 
teriorly it is pierced by the foramen 
inagnurnj a large opening into the 
cranial cavity through the occipital 
bone. Through it the nerve cable 
of the spinal cord passes downward 
from the brain to the trunk (a). In 
front of this hole the floor of the 
skull rises steeply; this part is called 
the slope or declivity (clivus). Later- 
ally, on each side of the clivus run- 
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ning obliquely and posteriorly is a 
high, hard, bony pyramid, the 
petrous bone. Embedded in the in- 
terior of each petrous bone like sensi- 



Fig. 73. A caricature on the one-sided 
development of the intellectual as compared 
with that of the athlete. The popular idea 
that a highly developed forehead denotes 
superior mental or mo~ra I capacity has 
probably no foundation in fact, 

tive seismographs are the organs of 
hearing and ec|uilibrium of the 
•human head (b). Abo\e the clivus 
rises the sella turcica (Ihirkisli 
saddle) (c), in which the pituitary 
gland, or hypophysis, is lodged. The 
bone in front of the sella turcicayoi 
which it forms a part, is the sphenoid 
bone. When considered in toto with 
its supporting parts below, its- hollow 
body in the centre, and the twvr great 
and the two small wings extending 
outwards from the sides of the body, 
the sphenoid bone resembles an aero- 
plane. Anteriorly to the sphenoid 
rises the crista galli (cock’s comb). 
On each side of this crest the bony 
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plates are ])er fora led by holes for the 
passage of the olfactory nerves. On 
these cribriform plates (also known 
as the lafnifia cribrosa) lie the two 
olfactory I ) nibs of the brain. From 
these bulbs the olfactory nerves pass 
through the foramina of the cribri- 
form plates into the nasal cavity. 

Ancient Fallacies 

Foiinerly it was believed by many 
that noxious vapours and humours 
of the brain flowed into the nose, and 
the mucus of the nose was regarded 
as a secretion of the brain. A cold 
in the head or a nasal catarrh was 
considered to be a cleansing of the 
brain, in the course of which the 
brain eliminated the mucus. In the 
process of eml^alming the bodies of 
their dead the Egyptians passed an 
instrument up the nose, penetrated 
through the cribriform plate into the 
cranial cavity, and removed the brain 
without noticeably injuring the 
skull. 

The Hiuncui Forehead. In front 
of the crista gall I rises the anterior 
wall of the cranial cavity as the fore- 
head. The forehead covers the fron- 
tal lobes of the brain, the alleged seat 
of the intellectual and moral faculties 
of man. It is popularly but probably 
erroneously believed that the de- 
velopment of the frontal lobes is an 
indication of the intellectual and 
moral capacities of an individual. 
Consecpientiy, it is reasoned, the 
more one experiences and thinks, the 
higher must be the forehead. This 
chain of reasoning is the basis for the 
expression: “the forehead of a 
thinker,” often used to describe a 
person of intellectual attainments. 

The Facial Skeleton. The part of 
the skull situated below and an- 
terior to the base of the skull is the 
facial skeleton. It contains three 


cavities located one over the olher, 
so that the entire skull iuay be com- 
pared to a house ha\'iiig four storeys: 
namely, the oral cavity, the nasal 
cavity, the orbital cavities, and the 
cranial cavity [Fig. 71], In llie l)onv 
skull the cavities appear I'cmarkaldy 
large, but in the living, except for 
small openings, they are filled wilh 
soft tissues. In front of the orbital 
cavities hang the lids, the nasal 
orifices are enclosed by cartilages, 
and the oral cavity is surrounded !)v 
the tissues making up the cheeks ami 
lips. The edges of the orl)ital cavi- 
ties are heightened on all sides to 
protect the eyes. Over the eyes arch 
the eyebrows like the arch of a gale, 
between the eyes rises the profile of 
the nose, and on each side beneath 
the eyes are the prominences of the 
cheek-bones to ward off any 1)1 ow. 

Structure of the Face 

Boxers will strike boldly at each 
other’s faces, yet we rarely hear that 
a blow has destroyed a boxer’s eye. 
The nose, the cheek-bones, and the 
brows receive the blows and are 
therefore the points that arc usualh' 
cut and begin to bleed during a fight. 

The Cavities of the Face. Extern- 
ally the facial skeleton is solid; in- 
ternally, however, it contains cavities 
by which its weight is decreased 
as much as possible. The human 
skull much rescml.)ies a house. Out- 
wardly it appears to be a massive 
structure; actually, liowc\er, it is 
hollow, a shell with many rooms, 
chambers and corridors, Ai] opened 
human skull also bears an extra- 
ordinary I'esemblance to a snail-shell. 
It is probably the most complicated 
“ snail-shell ” borne by any living 
creature. Figure 75 shows a very re- 
markable picture, yet it is not a fan- 
tasy. This is the appearance of the 
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interior of a iiuinan head behind the them lies the nasal region, consisting 
facade of the face covered by iiiiiscles of two slojcys, the lower one cotisisi- 
aiKi skin. If we could look through ing of the two !)road corridors of' the 
the skin of a human being as through respiratory passage, tltrough wliich 
a window-pane and recognize the in- the inspired air passes on its wa\- to 
tcrior of the skull, it would present the trachea (c). lliese Uvo passages 
thn grotesque appearance. Above, look like the entrance to a fortiess. 
behind the forehead one looks into On the lateral walls the inferior nasal 
the large cranial cavity. Beneath it concha; are suspended like two cs- 
Jie the two orbital cavities (b), shaped GUtcheons overhanging the pathway 
like two elongated funnels that be- below. Suspended over tlie gatenvay 
come narrower posteriorly. Between is the labyrinth (d), so callecl l)e(:ause 




Fig. 75. The facial portion of the skull resembles a small shell with its hollow chambers 
and passages, which decrease the weight of the skull and warm and filter the air as it 
is breathed in. Here are shown (a) the frontal sinus; (b) the orbital cavities; (c) the 
nasal chambers; (d) the labyrinth; (e) the maxillary sinus; and (f) the oral cavity. 
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Fig. 76'. A harelip (b) is produced when the intermaxillary cleft (a) ofembryonic 
life falls to close. This defect can be corrected by a simple surgical operation which, 
when skilfully performed, leaves only a barely visible scar (c). 


it actually consists of a labyrinth of 
numerous thin-walled cellular cavi- 
ties with crooked bony walls that are 
closed in at every part except where 
they open into the nasal cavity. This 
labyrinth serves to warm and moisten 
the respiratory air. When the nose 
bleeds, the blood flows from the 
numerous veins of this structure. 
Laterally on each side of the nose be- 
neath the orbital cavities are two 
more large cavities, the maxillary 
sinuses (e). Each sinus communicates 
with the nasal cavity by means of an 
irregular aperture. Through these 
openings inflammations of the nasal 
mucous membrane may wander into 
the neighbouring cavities, producing 
“ catarrhs ” of the frontal (a), maxil- 
lary, sphenoid, and ethmoid sinuses. 
As a result of these inflammations 
the communicating apertures of the 
sinuses become blocked. Mucus, 
pus, or both collect within the cavi- 
ties, producing a sense of tension, 
pressure, or even severe pain. Such 
a condition requires medical atten- 
tion for its relief. 

IritermaxiUaiy Bone, and Harelip. 
The ceiling between the first and 
second storeys of the skull-house is 
called the palate. Three bones par- 


ticipate in its development. The 
posterior part is a separate bone, the 
palatine bone. The middle part be- 
longs to the upper jaw, the maxilla. 
The anterior corner, which bears the 
upper incisors, was formerly likewise 
a separate bone. All animals possess 
this structure, which is known as the 
“ intermaxilla.” In many this bone 
has vanished. It is still clearly de- 
fined in the skulls of prehistoric 
races, but already united with the 
maxillary bone. In modern man the 
suture line between this bone and 
the rest of the palate has vanished, so 
that a single bone has arisen. At the 
beginning of the nineteenth century 
anatomists denied that man had ever 
had an intermaxillary bone. Goethe 
was of the opinion that a structure 
present in all animals could not have 
vanished completely in man. For 
many years he looked for this inter- 
maxi Ila in all the skulls that he could 
obtain. Finally in an old Venetian 
cemetery he actually found a human 
skull with a .sharply defined inter- 
maxillary bone. Later during the 
nineteenth century embryologists 
also discovered, as was to be ex- 
pected, that the embryo actually de- 
veloped a true intermaxilla, and it is 
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Fig. 77. In the long struggle for survival, the weaker has conquered the stronger. 


here that the two halves of the face begins to chew, it grows stronger, 
unite. The face is formed by the and in the adult it becomes one of 
fusion of a number of bilateral pro- the most powerful and finely 
cesses that develop around the primi- moulded bones of the skeleton. Co- 
tive oral cavity [Fig. 76 (a)]. If incident with the loss of teelii in old 
fusion fails to occur, the child may age the lower jaw atrophies and re- 
be boi'u with the deformity known turns to a stage resembling tlie more 
as a harelip (b). The correction of primitive jaw of infancy [Fig. 40]. 
such a harelip by means of plastic Animals, not having free arms, use 
surgery is one of the oldest cosmetic the lower jaw as man does liis arms 
operations performed by man (c). to perform various kinds of ^vork. 

The Lower Jaiv (Mandible). The Consequently, the jaw in animals is 
lower jaw is the only freely movable a powerful, coarse bone. Jii mam 
bone of the skull. It is a classic ex- owing to the upright pasture of the 
ample of the importance of work and human body, and above all to the 
function for the development of the increasing refinement of human' 
human organs. In the toothless new- nutrition, the work of the jaw has 
born the lower jaw is poorly devel- decreased, with the result that it has 
oped. As the child grows older and become more delicate. Amono’ 

... ■ G 
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prosimiaiis the lower jaw weighs 
ahuosi as niuch as the rest of the 
skull. Aiuoitg ti'ic anthropoids its 
weight acc’oiints for .|o per cenr of the 
weight of the skull: in primitive man 
lor 15 per cent; in modern civilized 
races it is only 12 per cent of the 
weight of the skull [Figs, yy — -cj]. 
Figure 78 show's the head of a pre- 
historic: man with the powerful jaw 
of his species. Within this jaw-])one 
the lower jaw of a modern man lias 
been drawn in white. \V 1 uit a differ- 
ence! What a developtnent towards 
humanity I 

Mao — The Speaker 

A cixili/cd man's jaw is half as 
large as that of his animal ances- 
tors. In comparison with its coarse 
prototvpe it is as delicately moulded 
as a porcehiiii cup contrasted tvith a 
neolithic chiv jar. Aliove all, modern 
man has a chin. The chin is a 
“ specific characteristic of man. No 
other creature has a chin. We do 
not know tvhv man has developed 



Fig. 78. Primordial man had a mighty 
lower Jaw (black). If the outline of a 
modern human jaw is drawn within it, (me 
sees that in the course of its evolution it 
has become smaller, more finely modelled, 
and possesses a more pronounced chin. 





Fig. 79. The skull of the stronger con- 
tains a brain weighing 350 grammes and a 
jaw weighing f 200 grammes, while that of 
the weaker has a brain of fSOO grammes 
and a jaw-bone of 350 grammes. 

one. Perhaps the ciiin developed as 
a result of the movements performed 
by the mouth in speaking, for the 
chin is not a characteristic of man as 
siicli, but rather of man the speaker. 
As seen in the illustration, primitive 
man, of whose capacity for speech w e 
are ignorant, haci no chin. The de- 
\elopment of the lower jaw- to its 
modern human form is therefore not 
simply a decrease in the size, but 
rather a transformation of this organ 
from an animal ealing-and-l)iting 
apparatus operated by brute force to 
a supporting structure for tlie human 
mouth. Man no longer bites and eats 
like an animal, but partakes of and 
enjoys his prepared food in a 
“ decorous ” manner. And instead 
of gnashing his teeih, he utters 
woi'ds. The history of the lower jaw 
is the history of human development. 
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The Teeth 

'THE HUMAN TOOTH— A FISH SCALE. THE DENTAL RQOl'. THE PULP 
CAVITY. THE WALL OF THE TOOTH, ENAMEL. REPLACING TEETH. THE ' 
DENTAL FORMULA. THE WISDOM TEETH. DENTAL DISEASES. CARIES. 
ANOMALIES IN THE POSITION OF THE TEETH. 


A mong a thousand people there 
Lis probably hardly one who 
knows what a human tooth is. The 
human tooth is a transformed lish 
scale [Fig. 8i]. The primordial fishes 
from which modern vertebrates are 
descended were covered by primitive 
})rojecting scales like their modern 
relatives the sharks, dogfishes, and 
rays. Scales of this type are described 
as placoid, and in structure consist 
of a flat, basal plate embedded in 
the skin and carrying a projecting 
spine, as may be seen at (a). 

Evolution of the Teeth 

During the course of evolution, a 
division of labour appeared among 
the descendants of the ancestral 
fishes. The placoid scales that were 
situated in the skin outside the head 
lost the projecting spine but retained 
the basal plate. They became the 
scales of modern fishes, snakes, and 
lizards, and are to be seen in a 
vestigial form in terrestrial animals 
— for instance, the scales of a mouse’s 
tail. However, the scales located on 
the jaws were employed to hold and 
tear the animars prey, so that the 
projecting spines developed enorm- 
ously in comparison with -the basal 
plate. In the course of time they 
became teeth (b). A shark’s scale 
and a human tooth correspond com- 
pletely in their basic structure. Who- 


ever describes a shark’s scale is des- 
cribing a human tooth, and con- 
versely anyone describing a human 
tooth is likewise describing a shark’s 
scale. 

The Denial Root, A tooth is thus 
a projection of the skin which has 
entered into an intimate union with 
the skeleton, in particular with the 
jaw, so as to obtain support. The 
part situated wdthin the socket of the 
jaw is known as the root [Fig. 8o (a)], 
the portion projecting beyond the 
gums is the crown (b), and the waist- 
like indentation separating the two 
first-named parts is called the neck 
(c). The teeth are not embedded in 
the jaws like plants in the earth, but 
rather like buried flowerpots. Each 
tooth is fixed in an individual 
“flowerpot” of bone, the socket of 
the tooth, and is united with its wall 
by means of the cement, a bone-like 
substance, and the coarse fibres of the 
root-sheath, or dental periosteum (d). 

Structure of a Tooth 

This sheath and wall of the socket 
contain numei'ous nerve fibres so that 
besides their mechanical function 
they form a sensory pad which regis- 
ters any pressure exerted on the 
tooth. If the periosteal nerves are 
stimulated, the local blood vessels 
dilate and transport an increased 
quantity of blood to the tooth; that 
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Fig. 81. Teeth are projections of the skin which for support have united intimately 
with parts of the skeleton. The human tooth is derived from a fish scale, and corresponds 
structurally to the scales of certain primitive fishes, such as sharks and dogfish. 


is, the more stimuli a tooth receives, 
the better is its nutrition. If an in- 
dividual partakes of a moderately 
coarse diet, which compels him to 
chew well, his teeth become stronger. 

If he subsists only on soft food, his 
teeth remain inactive and atrophy. 
C'-hildren at all ages should receive 
a well-balanced diet so that they will 
dcN’elo}) strong, healthy teeth. 

The Pulp Cavity. Through the 
root canal (e), a passage remaining ^ 
open at the base of the root, the 
cavity of the tooth is pervaded by 
1)1 ood and lymph vessels and by 
nerves. It is this root canal that the 
dentist examines, cleans, and fills 
with disinfectants before filling the 
tooth. By way of the root canal the 
blood vessels enter the ctivity of the 
tooth (f). which is filled with a spongy 
tissue, the pulp. ' Within the pulp 
cavity the ascending vessels, coming 
from the root branch out to form an 
elaborate ramifying va.scular net. 


The minute delicate branches then 
unite to form a descending vessel 
which passes out of the tooth by way 
of the root [Fig. 82]. In the course 
of this circulation the cells of the 
pulp are supplied with the various 
substances necessary for their exist- 
ence. A 1 on gsid e V) f - 44 TC^ 1 TTo(^ vessels, 
there is a similar distribution of 
lymph vessels, which secrete Ivmph 
so that all parts of the pulp cavitv are 
bathed by this lltiid. The pulp cavitv 
may be likened to an aquarium in 
which the vascular tree stands like 
a coral, while the connective-t issue 
cells float about like medusa*, or 
crawd around like starfishes, and 
whose avails are covered with polvps 
extending their long arms into the 
canals of the dental wall. 

As delicate as those of the blood 
and lymph vessels are the ramifica- 
tions' of the nerves which torment us 
so much when we have a toothache, 
make us cogni/ant of heat or cold, 
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and traiisfonn the dentist’s drill into 
an instrument of torture. Yet these 
nerves are not our enemies as we may 
believe; on the contrary, they are the 
guardians of health. They inform 
us of the fact that the interior of the 
tooth is no longer hermetically 
closed and sterile. Let us be thank- 
fur for the existence of a toothache. 
Without our toothaches we -should 
be toothless before the age of thirty! 

The Walt of the Tooth, The prin- 
cipal mass of the tooth is composed 
of a bony substance known as den- 
tine. The cells of the dentine are 
attached to the walls of the pulp 
cavity like barnacies to a harbour 
wall. They extend long arms that 
pass through the wall of the tooth, 
and like the bone cells secrete fibres 
of gelatine and calcium [Fig. 8o (g)]. 
The extended fibres are situated in 
circular fashion around the cavity of 
the tooth like the spokes of a wheel 
around its axle. The calcium-gela- 
tine fibres form a delicately M^oven 
network. It is this tissue that we call 
dentine and that forms the principal 
component of the wall of the tooth. 

Ideal Haven for Bacteria 

Ivory, as is well known, is simply 
the dentine of the elephant tooth. 
However, one need not travel to 
Africa to find ivory. Every one of us 
carries around two dozen small ivory 
pegs in the form of our teeth. In 
order not to be compressed by the 
secreted dentine mass, the extended 
cellular processes also secrete a hard 
homogen eous glassy shell which 
forms a capsule around the cell fibre 
and is known as the dentine canal. 
Each cell process lies in its dentine 
canal like an electric cable in its pro- 
tective casing. Actually it does not 
lie but floats, for the dentine canals 
are filled with fluid. This fluid sup- 


plies the dentine fibres with nutri- 
ment; and— -if they have once ]>erie- 
trated into the tooth — makes an ideal 
culture medium for bacteria. 

Enamel, On its outer surface the 
crown of the tooth is co^ered with 
enamel as a finger is by a thimble (h). 
Enamel is a reinforced form of the 
integument. The skin cells have 
solidified into long prisms. They 
are shaped like pencils, and. like pen- 
cils in a box, lie in parallel rows 
alongside one another. These prisms 
are hexagonal in shape and are 
termed enamel fibres or enamel 
prisms. They are united in bundles 
bv means of a cement-like substance. 



Fig. 82. Vascular tree of the dental 
cavity. In its interior each tooth has a 
vascular network like that shown in the 
above illustration. The branches unite into 
larger vessels, which pass through the root. 


THE TKE'l'H 


n8 


To prevent this calcific ceiueiit from 
being affected by the acids of the 
oral cavil}' and the food, the free sur- 
face of each prism bundle is covered 
by a firm resistant layer, the so-called 
dental or enamel cuticle. The 
enamel has no nerves or blood vessels 
and is the hardest, most compact 
tissue of the entire body. Chemically 
it consists of phosphate of lime, 
iluoride of calcium, carbonate of 
lime, phosphate of magnesium, as 
■well as traces of other salts. We know 
by experience that the enamel of a 
tooth lasts throughout an entire life- 
time if properly cared for. 

Our Dental Equipment 

If this were not true, we should 
not believe the body capable of pro- 
ducing a substance which, without 
being nourished or replaced, is cap- 
able of standing harsh treatment ten 
times daily for seventy long years 
without succumbing; which may be 
exposed in rapid succession to such 
diverse foods . as hot coffee, cold 
lemonade, hard chocolate, bread 
crusts, vinegar, spiced pickles, hard 
fruit seeds, or rough meat fibres; 
which at each meal is struck and rub- 
bed a thousand times, and yet is not 
destroyed. On the contrary, the 
teeth become healthier as a result of 
use. But this is the way of life, 
which has very different laws from 
those thaL apply to inanimate matter. 

Replacing Teeth. Among lower 
vertebrates there is a succession of 
teeth throughout life. This condi- 
tion is best seen in sharks, where the 
reserve teeth are arranged in dimin- 
ishing rows reaching from the edge 
of the jaw to the placoid scales of 
the integument. When the teeth 
are fully developed and used up, they 
fall out, like hairs, and new ones 
take their place. Among higher 


animals the number cff’ icelli and the 
fretpiency of their succession dimin- 
ish, It is conjectured that the com- 
mon ancestor of tlie vertebrates bad 
sixty teeth. In man there is only a 
single replacement, the permanent 
teeth following upon the inilk teeth. 
Very rarely a third atavistic I'eplace- 
ment may be observed. At birth a 
human infant is edentulous — that 
is, without teeth. After six months 
the first teeth appear anterior!}’ in 
the centre of the lower jaw, and in 
the course of about two years a total 
of twenty teeth appear [Figs, 8/| |. 
These are known as the milk tceih. 
Beneath these milk teetii rest a 
second series of teeth that begin to 
erupt after the age of six. so that 
the former are replaced between tlie 
ages of six and twelve [Fig. 84]. In 
addition to these, however, three 
more teeth, the molars, erupt on each 
side in the posterior part of the jaw, 
so that an adult has thirty-two per- 
mantent teeth in place of the twenty 
milk teeth. 

Varieties of Teeth 

The anterior teeth are simple 
teeth; the posterior ones I uive de- 
veloped as a result of the fusion of 
several simple teeth and conse- 
quently exhibit surfaces with se^'eral 
tubercles, as well as multiple roots. 
The form of the teeth depends on 
the feeding habits of the bearer. 1’lic 
teeth are influenced by nutrition so 
that their configuration permits us 
to draw conclusions as to an animai’s 
mode of life. Not only can the mode 
of life of extinct animals be recog- 
nized from their dejitition, but even 
the character of the contemporary 
plant world can be reconstructed, 
and equally far-reaching conclusions 
can be drawn regarding the no longer 
existing digestive organs of these 
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Fig. 83. The first milk teeth erupt at six months^ the others following as shown. 

In the course of about two years a total of twenty milk teeth have appeared. 

animals. An animal that tears off 
plant leaves develops its anterior 
teeth for cutting purposes and carries 
incisors. In an animal that chews 
herbage or seeds the posterior teeth 
become flattened and broad for 
grinding. A carnivore, however, 
develops prominent canines to hold 
its struggling prey, and sharp an- 
terior teeth to cut up and break the 
flesh and bones. Thus every animal, 
whether horse, cow, mouse, cat, or 
dog, possesses a dentition character- 
istic of its mode of life, nutrition, and 
general nature. Since the teeth rub 
and grind against one another in 
chewing, they achieve an ideal fit, so 
that every dentition represents a pre- 
cision mechanism. It is a kind of 
tool-kit with a variety of tools that 
an individual carries around in his 
mouth for the seizing and cutting up 
of food. 

Man has a “ collective ” dentition 
— that is, one where various types of 
teeth, incisors, canines, premolars, 
and molars, are represented along- 
side one another. The teeth are all 
approximately equal in height and 


arranged in regular rows. These 
therefore are the three characteristics 
of human dentition : simultaneous 
presence of all four types of teeth, 
the equal height of all the teeth, and 
the regularity of their arrangement. 
The structure of the human teeth 
proves conclusively that the human 
body, as regards its anatomical struc- 
ture, is adapted to a mixed plant and 
animal diet. This fact may appear 
distasteful to some, but it cannot be 
denied. 

The Dental Formula. The num- 
ber and arrangement of the teeth are 
indicated by the dental formula. The 

j 2 ! 1 52 9 

human formula is— — , that is, 

regarded from the mid-line, man has 

2 incisors, 1 canine, % premolars, and 

3 molars in each half of each jaw, 
making a total of thirty-two perman- 
ent teeth. Since all mammalian den- 
titions are symmetrically arranged, 
the left half may be disregarded for 
the sake of convenience, and the 

9 1 5 > 9 

formula written as follows : — - . In 
a manner of speaking, is the 
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lelephoijc nurabcr of the permanent 
human teeth, while the milk teeth, 

lackirignnolars, have the formula ^ . 

The IVisdoin Trelli. Although 
opinions differ on this subject, a 
great many people incline to the be- 
lief that human teeth are degenerat- 
ing. Vet whether one accepts or re- 
jects this opinion there can be no 
doubt that the teeth of present-day 



Fig. 84. The dentition of an eight-y ear- 
old child. Beneath the erupted milk teeth 
lie the permanent teeth. While growing, 
the latter push the milk teeth ahead of 
them, and should have replaced them by 
the age of twelve. 

man show differences from the teeth 
of ancient man, an indication that 
human teeth have undergone certain 
evolutionary changes. One need only- 
look at the two jaws in Figure 78 
in order to obtain some idea of the 
fate of the human teeth in the past 
500,000 years. In the first place the 
number of teeth in man is decreas- 
ing. The ancestors of man still had 
a fourth molar. It is infrequently 
found in modern man, although 
among orang-outangs one animal in 
twenty still has this structure. But 
even the third molars are disappear- 
ing. They appear so late that they 


have l)een named the wisdom 
tcedi," apparently in the licHcf that 
their a|)pearance coincides ^vifh the 
age of -wisdom. Fre(|ucntly tluw re 
main uncut, causing pressure and 
pain to such a degree that they must 
be extracted. Sirniiariy the upper 
lateral incisors show evidences of 
degeneration, since they fail to ap- 
pear in a considerable number oi 
people. In modern man the jaws 
are also shorter and less prognathous 
than in prehistoric man, with the 
result that the teeth are more 
crowded and less regular in the 
former. 

Dental Diseases. The degenera 
tion of the teeth is the internal 
cause of dental diseases. In modern 
man, as has been pointed out, the 
jaws are shorter and the teeth 
crowded together. In addition, man 
injures his teeth by his civilized mode 
of life. 

Caries. The most frequent dental 
disease is dental decay or caries. A 
defect appears in the enamel. The 
bacteria present in the mouth wan- 
der into this break in the enamel 
surface and settle under the enamel. 
They cannot eat the enamcb bm 
tliey are situated on the juicy den- 
tine, where they flourish and multi- 
ply on the nutritious lymph of the 
dentine canals. They erode the 
walls of the canals, thus giving rise 
to a cavity beneath the enamel. 
vSmall defects remain unnoticed, but 
if the wall of the tooth becomes thin 
as a result of bacterial activity, heat 
and cold penetrate more strongh' 
than usual to the pulp cavitv and 
stimulate the nerves present tliere. 
If a tooth shows evidence of sensi- 
tivity to heat and cold, the condition 
is to be regarded as an alarm signal. 
When the bacilli penetrate through 
the dentine canals into the pulp 
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cavity, they iiiid an almost ideal cuL 
lure medium,, a kind of incubator, in 
die spongy pulp. They feed on the 
lymph tissue and nerves, and now 
liie tooth begins to ache. Once the 
|)rocess has progressed so far, how- 
ever, the fate of the tooth is generally 
sealed. The vascular network 
withers, the lymph vessels collapse, 
the microscopic starfishes and polyps 
die on the wails of the pulp cavity, 
and with them the long processes of 
these cells that nourish the dentine. 
Now the dentine wall is no longer 
nourished, the vascular lieating sys- 
tem is out of order, the lymph-water- 
supply system is empty, the connec- 
live-tissue fibres, as delicate as a 
spider’s web, have fallen apart — the 
living house has become: a ruin. The 
tooth is dead. 


a dead pulp as a tree in a ioresi to 
a mast on the deck of a ship. Anyone 
who wants to retain his teeth as liv- 
ing organs should have them exam- 
ined regularly and lun e any damage 
repaired before the ajipearancc of 
pain, so as to postpone tlie death of 
the tooth as long as possible. 


Irregular Teeth 

As a consequence of the dcvelo])- 
ment of the jaws in modern man, the 
teeth in many cases no longer have 
enough room. They erupt in a 
crooked position or become shifted 
from their normal )K>sition during 
the growth period. If a toolli in tlie 
lower jaw occupies an anomalous 
position, the opposing tooth in the 
upper jaw likewise assumes a crooked 
position. Slight deviations from the 
normal remain . unnoticed, but 
marked displacements mar the 
mouth. The teeth project beyond 
the lips, die lips are pushed outward, 
the chin recedes, the upper lip is 
elevated towards the nose, and so on. 
Parents who want to make the path 
which their child will traverse in life 
as smooth as possible and to remove 
all possible obstacles should pay at- 
tention to the condition of the child’s 
teeth, and train him to clean them 
regularly and treat them witli^ care. 


Healthy Teeth 

A normal healthy tooth with a 
pulp is a living organ traversed by 
blood and lymph vessels, nerves, and 
cellular processes. The more it is 
used, the healthier it is. A tooth 
where the pulp is diseased to such an 
extent that the dentist must eradi- 
cate it is a dead shell. It still stands 
in its socket, but it is no longer alive. 
A healthy tooth with a live root bears 
the same relationship to a tooth with 
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COMPLEX STRUCTURE OF A MUSCLE 
Fig. 85. The complete musculature of man consists of 629 muscles. These muscles 
contain six thousand million muscle fibres. Each fibre is composed of fOOO fibrils. 
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CHAPTER VIII 


Muscle Structure and 
Function 


SMOOTH MUSCLE FIBRE. MUSCLES OF THE CIRCULATORY SYSTEM. 
MUSCI.es of THE RESPIRATORY PASSAGES AND THE (ESOPHAGUS. 
STRIATED MUSCLE FIBRE. VOLUNTARY AND INVOLUNTARY MOVEMENTS. 

FATIGUE LACTIC-ACID POISONING. MUSCLE TWITCH AND TONE. 

TONUS. MUSCLE SENSE. TRAINING. TENDONS. THE MUSCLE MACHINE. 

A LL connective-tissue cells have it will remain supple. Beneath this 
r\the ability to contract. In some gland is the attachment of a bundle 
parts of the body the connective- of smooth muscle fibres. This muscle 
tissue cells develop this ability to a arises in the superficial layer of the 
special degree and thus transform skin and is attached to the hah shaft 
themselves into muscle cells. In its on the side towards which the hair 
primitive form a muscle cell is slopes. "When the muscle contt acts, 
spindle-shaped and is known as a it diminishes the obliquity of the 
smooth muscle fibre. In order not hair insertion and elevates the hair, 
to be abraded by its environment The sebaceous gland is placed in 
when in motion, the fibre secretes a the angle which the muscle forms 
delicate membranous sheath and with the hair, so that the con ti action 
now resembles an acrobat in tights, of the muscle squeezes the sebaceous 
At those points w'here the muscle secretion out of the gland (c). These 
cells are frequently employed they hair muscles are_ highly developed 
multiplv and become organized. The and active in animals because the\ 
small cellular acrobats clasp hands, are important for wild animals. If an 
unite their sheaths, and become a animal begins to feel cold or is threat- 
sino-le smooth muscle composed of ened by enemies, the muscles con- 
many fibres [Fig. 86]. tract and ruffle up the amniars fur 

Gooseflesh. The simplest type of or its plumage. This mechanism 
smooth muscle is the muscle attached gives the animal four advantages. In 
to the shaft of a hair [Fig. 87 (a)], the first place, the ruffled fur keeps 
Hairs do not stand upright in the the animal warmer because it cieates 
skin like trees, but lie at a slant like a thick, resting layer of air which 
wheat after a rain (b). At the base surrounds the body, thus retaining 
of each hair is a sebaceous gland. Its the body temperature, since air is a 
function is to grease the hair so that poor conductor of heat. Secondly, 
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the contracted muscles evacuate the 
sebaceous glands and grease the skin; 
this is the best possible protection 
against cold. Thirdly, because of 
its ruffled pelt the animal appears 
larger and more clangerotis to its 
enemies; and fourthly, the erect hairs 
pad its body and protect it against 
blotvs and bites. In man this mech- 



sniooth muscle fibres are covered by con- 
nective-tissue sheaths and formed into 
linked functional units by means of inter- 
connecting fibrous tissue. 

anism has degenerated together with 
Ins coat of hair, and functions only 
occasionally under strong stimuli. If 
an individual is badly frightened or 
very angry, or if a cold draught passes 
over his warm body, the hair muscles 
contract, the hairs stand on end, and 
the sebaceous glands appear promin- 
ently under the surface of the skin 
as in a goose. For this reason this 
condition is called “ gooseflesh ” 
[Fig. 87]. The small skin vessels that 
supply the skin with warm blood 
likewise contract, the skin becomes 
cold, and the individual becomes 


conscious of this state as a shiver. 

The Pupils. Aroutid circular body 
orifices such as the pupil of the eye 
smooth muscles form Hal rings 
[Fig. 88 (b)]. Stand in front of a 
dimly illuminated mirror and exam- 
ine your eyes. The pupils are dilated 
(I, b). If a light is now Hashed in 
your eyes, the smooth muscle fi!)res 
contract and narrow the pupils to 
protect the retina of the eye, which is 
sensitive to light (II, b). This play 
of the pupils, which is continually 
taking place so as to adapt the eyes 
to changing intensities of light, can 
best be observed in cats. 

The Muscles of the Cfnrulator\ 
System and Hyperlension. All the 
vascular tubes of the body arc en- 
compassed by smooth muscle fibres 
arranged circularly around the 
vessel. Even when they are not active 
they are always in a certain state of 
tension, called tonus. The calibre of 
the vessel is determined by the degt'ee 
of tonus. Wherever blood is needed, 
the fibres relax and the vessels dilate: 
wherever organs are at rest and re- 
quire little blood, the fibres decrease 
the calibre of the vessels, thus restrict- 
ing the flow of blood in the particu- 
lar area. As an example we ma\ 
cite the blanching and blushing of 
the face. If the muscle fibres of the 
blood vessels underlying the skin of 
the face relax, the vessels dilate and 
the individual blushes (I, c); if the 
muscles contract, the vessels are nar- 
rowed and the face becomes pale 
(II, C). 

Chronic spasm of the vascular 
muscles is not the only cause of high 
blood-pressure (hypertension), but it 
is not infrequent ( 11 , e). If such 
spastic attacks occur in the walls of 
blood vessels, they give rise to “crises" 
in the area supplied by the affected 
vessels. Spasm of the cerebral arteries 




Fig. 87. How a shiver is caused in man^ mammals and birds. At (a) is shown a hail 
shaft and its mechanism. When the body is warm and at rest, the hair muscles are 
relaxed and the hairs are inclined at on angle to the surface of the skin (b). But if 
body becomes cold or excited, the muscles contract and the hairs stand erect (c). 


causes fainting spells (IL a), and 
spasm of the coronary arteries of the 
heart produces attacks of angina 
pectoris (II, g). 

The Muscles of the Resfiratory 
Passages and Asthma. The circular 
fibres that surround the respiratory 
passages regulate the calibre of the 
respiratory canal and the supply of 
air for respiration. If the fibres are 
relaxed we feel at ease and breathe 
freely (!, f). Asthmatic attacks are 
('a used by sudden contractions of the 
muscle rings in the respiratory pas- 


sages. In an asthma attack the 
spiratory passages become narrowed 
to such a degree that the individual 
cannot inspii'e or expire a sufficient 
quantity of air despite the utmost 
efforts of his ribs and diaphragm 
(II, f.). 

The Muscles of the CEsofhagus. 
Generally the circular muscle fibres 
are covered by an external layer of 
longitudinal fibres parallel to th 
long axis of the organ. These double 
layers are particularly well devel 
in the walls of the stomach and the 
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Fig. 88. The smooth musculature of the human body when functioning normally ( I) . 
At (II) are shown the smooth muscles under various spastic and pathological conditions. 
These are: (a) anceinia of the brain (fainting); (b) contraction of the pupils: 
(c) paling; ‘(d) cesophageal spasm; (e) vascular spasm (hypertension) ; (f) bronchial 
spasm (asthma); (g) spasm of the cardiac vessels (angina pectoris); (h) gall-bladder 
colic; (i) gastric spasm; (k) renal colic; (1) intestinal atony; (m) intestinal spasm, 
(n) bladder spasm. Smooth muscle is strong, but functions with comparative slowness. 




TW'O I’VPES OF 

intesdne. The circular fibres nar- 
row the tube without moving it 
(d, 111 ). The longitudinal fibres, how- 
ever, pull the tube to one side 
wherever they contract, thus produc- 
ing peristalsis of the tube (i, 1). Put 
an earthworm on a table and watch 
its movements. Its body is encom- 
passed by circular and longitudinal 
muscle fibres just like the human 
intestine. If the circular muscles con- 
tract, the worm becomes thinner; by 
means of the longitudinal fibres it 
carries out winding movements. The 
movements of the intestines within 
our body are like those of the earth- 
worm (1, m). 

Intestinal Inertia. Normally the 
muscle fibres of the intestinal wall 
are stimulated by the ingested food 
and the digestive juices. If they prove 
to be rather insensitive, the intestine 
is in a flaccid state and functions 
sluggishly- — constipation as a result 
of intestinal inertia (II, 1). Con- 
versely, if the muscles are hypersensi- 
tive so that they contract spastically 
under the stimulation of the food 
and do not recover soon enough from 
the spasm, constipation due to in- 
testinal spasm results (II, m). For 
the sufferer the result is the same in 
both cases; he has no evacuation. 

Difficulties in Diagnosis 

The doctor, however, is dealing 
with two entirely different disease 
complexes requiring antithetical 
methods of treatment. This is one 
of the many cases where one and the 
same pathological condition can be 
produced by diffei'en t — indeed, often 
by antithetical — causes. If an auto- 
mobile stalls, the driver knows that 
the trouble can be due to various 
causes, llie car may be out of petrol, 
the feed-pipe may be stopped up, the 
spark-plugs dirty, or the carburettor 
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out of order. No driver is so stupid 
when his motor breaks down as to 
make a diagnosis immediately or to 
undertake any steps to remedy the 
situation without investigatiiig. He 
knows that it is absolutely senseless 
to take the carburettor apart when 
the petrol tank is empty, or to fill the 
tank with petrol when the spark- 
plugs are dirty. As far as the much 
more complicated “ man motor ’’ 
is concerned, the majority of people 
assume the naive attitude that a 
cause as well as a “ cure can im- 
mediately be gi\ en for every break- 
down without much rdlectiou or 
investigation! 

Muscles of the Organs 

Colic. Besides the blood vessels, 
respiratory passages, and intestine, 
various other tubular structures of 
the human body have layers of circu- 
lar and longitudinal muscle fibres in 
their walls. Among these tubes is 
the bile duct, along which the bile 
passes from the liver into the intes- 
tine (h), and the ureter, which con- 
ducts the urine from the kidney to 
the bladder (k). Within these tubes 
sometimes stones are formed. If such 
a stone irritates the wall, the fibres 
contract spastically, and a painful 
muscle spasm known as a colic is the 
result. When this condition is pre- 
sent ill the gall-bladder or the 
biliary passages, we speak of a gall- 
bladder or biliary colic (II, h): when 
in the kidnev pelvis, of a renal colic 
(II. k). 

Hollow Organs. The human body 
has several cup-shaped hollow 
organs. In the walls of these organs 
the original circular and longi- 
tudinal fibres have combined to form 
an exceedingly intricate interlace- 
ment, which is arranged in a very 
efficient and aesthetically beautiful 
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manner. The three largest organs of 
this type are the heart, the urinary 
bladder, and the uterus. Fig. 116 
shows the fibre bands of the heart. 
The largest and strongest muscular 
organ of this type in the body is the 
uterus since it must perform the 
most difficult of all bodily functions: 
namely, the expulsion of the child 
Irom ihe mother’s body. The rhytlv 
mic contractions of the uterus during 
parturition are called labour pains. 

• The Striated Muscle Fibre, The 
smooth muscle libre has great advan- 
tages. It is strong. No other muscle 
in the body is as strong as that of the 
uterus, which pushes the child 
through. the narrow pelvis. It has 
great powers of endtiraiicc. 

Slow and Rapid Motion 

Many of the smooth muscles act 
like good spiral springs; they can 
exist in a slate of tension uninter- 
ruptedly for decades. This is true, 
for instance, of the muscle fibres of 
the pupil, which never relax com- 
pletely during life, as well as of the 
sphincters of the bladder and the 
stomach. Smooth muscle, however, 
functions slowly. Watch an earth- 
^vorm and see how slowly it crawls; 
this is the type of mo\'ement charac- 
teristic of smooth muscle. Compare 
the sluggish movements of the earth- 
worm with the lightning speed of a 
fly buzzing through the air. Observe 
an abdominal cramp and see with 
what relative slowness it passes along 
the intestine: then compare it with 
the rapidity with which we blink our 
eyes. Wherever rapid motion is re- 
quired, the smooth muscle fibres 
liave developed into a higher form 
which in contrast to smooth muscle 
is called striated. The entire skele- 
tal musculature by means of which 
we move our limbs belongs to this 


striated type of muscular tissue. 

Man has 639 muscles, each named 
according to a list drawn up by inter- 
national agreement [Fig. 85]. In 
their totality the muscles make up 
the llesh of the body, ilie red meal 
bought at the butcher's is nuisde. 

Fibres and Fibriis 

Muscles are found in the most 
varied shapes. The normal form is 
that of a spindle, and because ol' its 
resemblance to a swiftly running 
mouse it was named nnisculiis, or 
“ little mouse.” A mediuni-si/ed 
muscle contains approximately ten 
million muscle cells. About six ihou- 
saiid million muscle cells are con- 
tained in the total musculature. In 
the centre of Figure 85 we see a 
highly magnified muscle cell, or libre. 
It is composed of bundles of still 
more delicate fibres, called fibrils. 
The 639 muscles of the body contain 
in all six billion fibrils. 

The outside of the cell is covered 
by a sheath, beneath which lie 
numerous cell nuclei, for a single 
nucleus could not possibly control 
the entire cell. Blood vessels and 
nerves approach the fibre from the 
exterior (centre of the picture). 

The Fibril Motors 

If the fibrils are examined with a 
microscope under magnifications of 
a thousand times or more, it can 
be seen that each one is composed 
of a system of light and dark boxes 
between which small spheres and net- 
works are distributed at regular in- 
tervals (at' right of illustration), 
'These systems are the active elements 
of muscle movement, the motors of 
the human body. T'iicy effect the 
contraction of the muscle by altering 
the degree of swelling of each system. 
This is accomplished by transferring 






work the fibril “motor oi tire mubuc 
fibre actually exhibits surprising 
analogies to an automobile motor. 
The chief points of resemblance arc- 
displayed in Figure <)0, where Uic 
numerals relate to the following 
paragraph numbers; ^ 

i. Both automobile motor ana 
muscle fibre are combustion engines 


fluid content of each tiny box to 
leighbour. Each fibril “ motor 
sists of ten boxes arranged one 
ind another, and in the bsfl 
sclcs of the human body there aie 
less than six thousand million 
h ten-cyliitder “ motors. ’ 

\lusde ' Fibre and Automobile 
Tn the performance of its 


those which we use to move o " 
j situated in the outer part of the b 
■ting smooth muscles of the oigans 
i/v in the interior of the bod}. 


89 . The striped, or striated, 
'dictate of the brain. Accordii 
veen the bones, in contrast to 
viscera, which are locatei 
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no 


consumed to carbon dioxide and 

" ail auLoinobile as in a muscle 

fuel is supplied to the motor irom 

•I tank; in the human bod> the 
'aolmch and .he .»..;d-,n..s.,nal 
canal perform this function. 

0 III both cases fuel is supplied 

,«a.» of a p.nnp;i» “S. 

this function is performed b> the 

''^1 In the automobile motor as well 

quired for the combustion ol the me . 

For this reason each has a carburet- 
tor; in the human body the lungs 
might be looked upon as the 
analogue of the carburettor. 

r. After the fuel has been mixed 
with oxygen it is carried to the motor 
by a feed-|>ipe; the feed-hne of the 
human body is the artery. ^ 

6. The functioning elements ot 
the muscle “ motor,” the fibril boxp. 
are arranged in rows like the cy in- 

ders of a car. u 

7 In the automobile motor as well 

as in the muscle fibre the combustion 
of the fuel in the cylinders us pro- 
duced by an electrical impulse. In 
the automobile the current is furn- 
ished by the ignition, in the human 
body by the nervous system. 

“Spark-plugs” of the Body 

8 In both the motor and the 
muscle fibre the current is conducted 
by wires that end in special appara- 
tuses in the cylinders. In the auto- 
mobile motor they are known as 
spark-plugs: in the human body their 
analogues are the motor end- 


plates. . £ ..u 

q. After the combustion ot trie 

fuel to gaseous cai'bon dioxide and 
water, these end products are carried 
nfl as exhaust gases through tubes. 


.q^rau autoinobile. as in the 
human body, themotion ol the mo ^ 

cylinders is transmuted « • 

joints which move 
car, or the limbs of tlm. mmmi bodv 
n In an automobile as m th 
human body the 

kept functioning smoothh 1 y 

of automatic hibrieation. 

Points of Difference ^ 

The points of correspondence be- 
tween the muscle fibre and the auto- 
mobile are striking. ^ 

similarities, however, the d>ffeiencc. 

should not be overlooked. 

mobile motor is a machine in which 
a vaporized fuel is caused to explode, 
and the explosive force is transimuec 
?o pistons and shafts. The muscle is 
a protoplasmatic motor, the strucuue 
of whidi is still unknown to us at 
present. Instead of pistons and cylin- 
ders it works with protoplasmatic 
boxes filled with semi-fluid contents. 
These boxes contract under the elec- 
trical impulses ot the brain, in that 
the semi-fluid protoplasm congeals 
for a fraction of a second and be- 
comes fluid again. This process is 
accompanied by a polyphasal chemi- 
cal reaction. During this process the 
olycogen molecule is broken down 
tnto Vucose. which combines with 
phosphoric acid. This compound is 
then divided into three lactic-acul 
molecules, of which one is used lor 
fuel, while the other two are resyn- 
thesized into glucose. The elucida- 
tion of this process is a tnumph_ of 
modern science, and the scientists 
who accomplished this have been 
awarded a Nobel prize. However, the 
nature of the protoplasmatic motor 
itself is still a mystery. . 

The Arrow Poison, Curare, An 
nnfnmobile motor runs only if tlte 
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ignition spark causes the petrol 
vapour to explode. Siniilarly the 
muscle motor in the body can con- 
tract on]} if the nervous system 
furnishes igniting nerve impulses.. 
The muscle fibres are connected b}' 
Uieans of conducting wires, the 
nerves, with the nervous system, Iroin 


elimination of the “ spark-plug the 
fibre can no longer contract, and the 
muscle is paralysed. Hie arrow 
poison causes no pain, and at first 
the victim notices no ill eflects while 
the poison is carried by tlie Irlootl 
from the wound throughout the en- 
tire bodv. But one after another 



Fig. 91. 

are having their blood interchanged. As the blood of the grey dog, laden with waste 
products of fatigue, enters the body of the black dog, the latter becomes drowsy (Fig. 92), 


which they receive their contraction 
stimuli. It can be estimated that in 
the human body several million 
nerve '‘wires,’’ used entirely as igni- 
tion leads, run between the brain and 
the muscles, where they split up into 
thousands of millions of end connec- 
tions. Each lead ends in the muscle 
fibre with a broad electrode, the 
motor end-plate [Fig. 85, centre of 
the. piciiire]. The Indians of Guiana 
smear the tips of tlieir arrows with 
a poison called curare. This arrow 
poison has the property of paralysing 
the motor end-plates; in terms of 
automobile mechanics one might 
compare the ciirarized end-plates to 
carbonized spark-plugs. After the 


various groups of muscles become 
paralysed. If the victim has been 
struck in the arm, it is the first limb 
that he can no longer move; then 
his legs become heavy, he sits down, 
and falls to one side. He wants to 
bencThFs^^tf^pTbt^ nV 

to dose liis eyes, but he can no longer 
move his lids; he Avants to scream, 
but his tongue lies leaden in his 
mouth — he has been cruel h' para- 
lysed. The victim hears and sees 
everything. He feels the pains caused 
by the drying of his eyes and moutii, 
by his unchanged position on the 
hard ground, but he cannot defend 
himself. A creature that has been 
curarized can be cut to pieces, its 
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chest can be opened and the heart 
action observed, yet it cannot make 
the slightest movement to defend 
itself*— 'Curare is the cruellest of all 
poisons. Finally the respiratory 
muscles are paralysed, respiration 
grows more difficult, and the miser- 
able victim dies without uttering a 
sound. 

Volu n tary a n d Involn n tary M ove^ 
rnents. The brain as a whole does 
not function as an ignition machine, 
but only a certain cerebral convolu- 
tion called the motor centre. This 
is connected with the centre of voli- 
tion, and because of this fact we can 
move our muscles as we desire. But 
only the striated fibres of the skele- 
tal musculature, of which the ex- 
ternal layer is represented in Figure 
89, are connected with this motor 
centre in the brain. The smooth 
fibres of the viscera that are histori- 
cally older are under the control of 
the historically older and lower ner- 
vous system within the abdomen, the 
sympathetic, and have no relation to 
tlie spheres of volition or conscious- 
ness. We can move our arms as we 
desire, but we cannot dilate or con- 
tract our pupils or become pale at 
will. Take a mouthful of water. As 
long as the water is in the mouth, 
in the sphere of the striated muscles 
of the tongue and the cheeks, we can 
s w a 1 low i t or spi t i t out. But as soon 
as it has passed the pharynx into the 
sphere of the smooth fibt'es of the 
a^sophagus, it is beyond the influence 
of our will. The striated skeletal 
musculature is voluntarily movable; 
the smooth visceral musculature 
functions automatically, and inde- 
pendently of our will. 

fVd/g7/c — Lactic-Add Poisoning. 
The lactic acid produced by a 
contracting muscle is a fatigue poison 
and the chief cause of fatigue. If 


the lactic acid is removed from a tired 
muscle, its ability to work returns. 
In the course of a day we poison our- 
selves with lactic acid. In addition 
there are still other fatigue-produc- 
ing substances, especially products 
aiasing from the destruction of proto- 
plasm, so-called fatigue toxins. Thev 
arise during muscular activity and 



FiO. 92. The black dog (Fig. 91) has 
fallen asleep^ while the grey dog is now 
wide awake — its blood free from toxins. 


are carried by the blood through the 
body, thus producing fatigue, not 
only of the muscle itself, but of the 
entire body, especially the brain. In 
addition to the local fatigue of the 
working muscle, muscular labour 
leads to a general fatigued condition' 
of all the organs and central fatigue 
of the brain. Fatigue is a kind of 
blood-poisoning by means of lactic 
acid and toxins. If a dog is made 
to work until it is exhausted and falls 
asleep, and its blood is then nans- 
fused into the body of a fresh animal 
[Fig. 91], the latter tires and falls 
asleep during the transfusion, Con- 
versely, if blood from a wide-awake 
dog is transfused into a sleeping 
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animal, the latter wakes up [Fig. 92]. 
Siiniiaiiv, an exhausted human be- 
ing can be restored to full working 
efficien cy im media tely through the 
administratioii of fresh blood or the 
serum of a rested body. Yet one 
should not believe that we thus have 
a niagie remedy at hand, and that in 
the future man will be able with the 
aid of a fatigue anti-toxin to get 
along without sleep, and work or 
amuse himself twenty hours daily. 
Fatigue, like every change in the 
body, is not only a chemical but also 
a biological process. Elimination of 
fatigue means not only that the 
wastes of the body must be removed 
but also that the cells need rest. They 
must recuperate, damages must be 
repaired, the nerve cells of the brain 
must recharge their batteries, the 
joints must replace the used-up sup- 
plies of joint lubricant. After every 
day’s trip the body of the human 
automobile ” must be thoroughly 
cleaned, lubricated, and refuelled. 

Overcoming Fatigue 

Herein lies the mystery of this 
“ car ” that can continue to run for, 
say, eighty years. There is no dan- 
ger that science will rob man of the 
pleasure of sleeping. A fatigue anti- 
toxin will he an excellent help in 
overcoming fatigue when great 
exertions are required. When we 
are tired, however, we ordinary 
people will sleep off our lactic-acid 
intoxication in the good old way. 

Exhaustion, Someone is in the 
midst of strenuous athletic activities. 
Suddenly he can no longer breathe, 
his strength fails him, he appears 
ready to collapse. He can no longer 
carry on and would simply like to 
fall down and go to sleep on the spot. 
This is exhaustion. The exact cau.se 
is unknown, but we do know that it 


is a transient kind of paralvsis. 
Whether it is produced by an excess 
of lactic acid or carbon dioxide or 
other fatigue-producing substances is 
still undecided. 

The Second Wind. Every experi- 
enced athlete knows that to a certain 
degree fatigue can be overcome by 
mustering the necessary energy, llie 
body then feels as if newly liberated: 
the individual breathes more easily 
and accomplishes twice as nuKli. 

Value of Traimug 

This is “ second wind.” An un- 
trained person succumbs to fatigue; 
someone who is trained overcomes it 
and uses his second wind to achieve 
victory. It is one of the aims of good 
athletic training to teach young ath- 
letes to be able to overcome fatigue 
and to understand how to employ 
their second wind to best advantage. 

Rigor Mortis. Several hours after 
death the muscles swell, become 
shorter, and stiffen. This state is 
known as rigor mortis. A slaughtered 
chicken becomes so stiff that the 
wings can hardly be lifted from the 
body. Rigor mortis begins at the 
jaws and passes downward cn’er the 
neck and trunk to the limbs. After 
ten to eighteen hours it vanishes in 
the same order. The greater the 
state of exhaustion of the muscles 
has been, the more rapidly does it 
set in. 

The Law of Time. The bod\' is 
not a machine. It is more than that. 
Itiives according to laws that ha\'e 
no validity for machines. The con- 
cept of times does not exist for a 
machine. It is immaterial whether 
the petrol tank of an automobile is 
filled at six in the morning or ten 
at night. For a living organism, 
however, the time of any act is by 
no means a matter of indifference. 




DIFFERENT FORMS OF REST 


A bottle of wine is a bottle of wine, 
no niatter whether it is in a store 
or in a wine cellar. For the human 
body, however, it makes quite a 
diflerence whether a bottle of wine 
is drunk at eight o’clock in the morn- 
ing on an empty stomach or enjoyed 
in the evening before going to bed, 
ft makes c|uite a difference whether 


ing of lassitude, a mild state of in- 
toxication. 

Rest by Means of Activity. What 
does a person do who has been sitting 
at his desk for manv hours and is 
tired? Does he lie down? No! He 
takes a walk. What do children do 
when they come home from school 
and are tired? Do thev go to sleep? 


the bottle is emptied in one swallow 
or whether it is finished slowly in the 
course of an hour. A hot bath before 
a meal has quite a different effect 
from one after a meal. The action 
of massage also is quite different for 
a rested individual and for a tired 
one. After strenuous muscular 
activity massage has a refreshing 
effect because the fatigue toxins are 
excreted from the muscles, blood, 
and skin glands. Conversely, if the 
body is rested and the blood free of 
fatigue poisons, massage acts in a 
contrary manner. The “ fatigue re- 
mains ” are squeezed out of the 
muscles, pass into the blood and the 
brain, and produce a pleasant feel- 


Nol They run to the playground. 
If the body is completely exhausted 
by strenuous labour, a long hike, a 
washing-day, or a moving-day, one 
recuperates best by lying clown and 
permitting the organism to rest. 
Flowever, if only a certain part of 
the body is tired — for instance, the 
brain by long calculations, the hands 
from many hours of typing, the eyes 
by too much reading or sewing, or 
the legs when one has had to stand 
very long — the tired limb or organ 
recuperates best if other rested parts 
of the body are active. If one lies 
down, all the activities of the body 
are curtailed; in a manner of speak- 
ing, the vital furnace of the body is 


Fig. 93. (a) Abnormally increased tonus leads to spastic contraction and inability to 

walk; (b) three hours after severing some of the nerves the girl can stand; (c) two weeks 
later she is able to walk normally^ because her natural muscle tonus has been restored. 
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banked. I'he heart beats slowly, the 
blood vessels contract, respiration 
becomes shallow, and the exhausted 
brain sleeps, so that all the organs 
are at rest. On the other liand, if 
one enters into some new activity — 
if after a long lecture one goes out 
into the fresh air, thus exposing one- 
self to new impressions and stimuli, 



Fig. 94. When the muscle tonus Is 
decreased by disease, the limbs lose their 
tension and become loose and flaccid. 


to the cool air and the fragrance of 
flowerbeds — respiration is increased, 
the blood circulates faster, and the 
glands are more active, thus facilitat- 
ing the elimination of waste products 
from the exhausted organs. If you are 
totally exhausted, go to sleep! If 
only part of your body is tired, go 
for a walk, or take a swim, play chess 
or cards, engage in athletics, or 
occupy yourself with your stamp 
collection or your garden ! T’here is 
no better form of rest for an ex- 
hausted organ than ihe activity of 
neighbouring organs. 

Muscle Twitch and Muscle Tone. 
When a muscle is stimulated either 


mechanically by pinching, or cheiiii- 
cally by means of an acid, or b\ an 
electrical current, it shortens rapidly. 
The entire phenomenon is known as 
a simple muscular contraction or a 
muscle twitch. Ilie duration of such 
a twitch varies for different animals. 
The muscle twitch of a sluggish 
turtle takes one second, tvhile liiai c >1 
a frog lasts one tenth of a se(;{)nd. 
If a muscle is stimulated repeatedly 
at short intervals of less than one 
tenth of a second before it has lime 
to relax, it will respond to the suo 
ccssive stimuli with contractions that 
become fused. Sucli a series of fused 
contractions is known as a physio- 
logical tetanus. 

lliis physiological tetanic contrac- 
tion of a muscle is not a static con- 
dition, as it may appear to us, but 
consists in a summation of individual 
contractions, just as an image on a 
motion-picture screen, even when it 
is apparently not: moving, is not a 
permanent picture, but is composed 
of a number of individual pictures 
following one another in rapid suc- 
cession, or just as the even light of 
an electric bulb sup})lied by an 
alternating current really consists of 
a large number of separate impulses 
per second. Under normal condi- 
tions the muscles of the human body 
contract in response to stimuli from 
the motor centre of the brain. When 
the nerve cells discharge their im- 
pulses into muscles the discharge is 
never single, but always a series of 
impulses in rapid succession. In 
consequence voluntary muscular con- 
traction is tetanic in chui acter. 

The internal discontinuity of 
activity during tetanus finds its ex- 
pression in the so-called muscle lone. 
If a stethoscope l)e applied to a con- 
tracted biceps muscle, a dull noise 
can be heard. This is the muscle 




Fig, 95. With the aid of therapeutic exercises similar to those shown above^ a patient 
whose muscle sense has disappeared can be taught to regulate the movements of his 
limbs by means of visual control, and eventually regains the power to walk unaided. 


lone. Every one of us has heard our 
own muscle lones at some time, even 
though we may not have paid any 
attention to them. When we yawn, 
we can hear the muscle tone of the 
head musculature; or if the external 
auditory canals are closed by placing 
a fingertip in each ear, and the jaw 
muscles tensed by pressing the teeth 
together tightly, the roaring tone of 
the jaw musculature can be heard 
very distinctly. The muscle tone is 
probably due to a vibration of the 
muscle produced by the discontinu- 
ous excitation. 

Learn to Relax ! These experi- 
ments teach us an important fact: a 
contracted muscle is a working 
muscle! A contracted muscle uses 
up nervous energy, consumes sugar. 


produces lactic acid, and creates 
fatigue. In order to rest one’s muscles 
and to protect the body against any 
increase of fatigue substances so as 
to let the brain really rest, the 
muscles must be relaxed. 

Tonus. A certain degree of sus- 
tained muscular contraction is 
natural and is known as tonus. In 
the brain there is a centre, the “ red 
nucleus,” which sends impulses to 
the muscles maintaining them in this 
state of mild, sustained contraction. 
A violin string offers the best ex- 
ample for an elucidation of the con- 
cept of tonus. A correctly tuned 
violin string is in a state of normal 
tonus. If it is too tightly sti'etched, 
its tonus is increased: if it is loose, 
the tonus is diminished. The stalk 
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and leaves of a healthy plant main- 
tain their position because, owing to 
their water content, they possess a 
certain degree of tonus. If the plant 
suffers from a lack of water, its tonus 
is diminished and it becomes limp. 
Similarly a living body, as contrasted 
with a dead one, is in a like state of 
swelling and tension. During life 
the muscles are never completely re- 
laxed. Let us imagine that the ten- 
sion of muscle is being measured by 
means of a manometer graduated 
from o to 100. On this scale the ten- 
sion of a relaxed muscle is not 
o degrees, but about lo degrees. 

“Clock Spring” Muscles 
In some ways a muscle resembles a 
spring in a clock. Even when 
it is run down, the spring is not 
completely relaxed. Similarly, an arm 
when at rest does not hang loosely 
but is somewhat bent owing to the 
tonus of its muscles. In a live person 
the arms are shorter than in a corpse. 
If the muscles of an arm lose their 
tonus owing to nerve paralysis, the 
arm hangs limply and becomes 
longer. In the matter of tonus a 
muscle resembles a runner, crouched 
at the starting-line and waiting with 
tensed muscles for the sound of the 
starter’s gun. Owing to their tonus, 
all the muscles of the body are ready 
to start, and when the signal to start 
comes from the brain in the form of 
a nerve impulse, they lose no time, 
just as a violinist can play immedi- 
ately if the strings of his instrument 
are correctly tuned. Owing to the 
sustained tonic contraction of the 
muscles, an individual saves approxn 
mately one fifth of his time and 
energy. If our muscles were not in 
a state of tonus, the energy required 
for any task would be one fifth 
greater. Instead of eight hours we 


should have to work more than nine 
hours to perform the same (juantity 
of labour. 

Tonus is not a fixed and perman- 
ent condition, but is subject to varia- 
tions. If the tonus in aiu muscle 
were to be registered with lise aid 
of a manometer, we slioiild. see the 
instrument oscillating back aiul forth 
like the magnetic needle of a com- 
pass. A rested and healthy bod) has 
an increased tonus. To verify tins 
statement one need only observe 
hikers setting out on a trip and then 
see the same people returning home 
tired and weary in the evening. Tlieir 
tonus has decreased. The people 
have become smaller, they are liiore 
round-shouldered, and their heads 
tend to fall forward because the sus- 
tained tension of the neck inuscle.s 
is diminished. This change of tonus 
is best observed in the face. The skin 
of a healthy, refreshed individual is 
taut. When the individual becomes 
tired, the tonus of the muscles is de- 
creased, folds appear in the skin, and 
the face presents an appearance of 
weariness. We generally tell some- 
one in this condition: “ You look 
tired but we could just as well say : 
‘‘ Your tonus is diminished.’’ 

Abnormal Tonus 

During a faint, blood circulation 
in the brain is disturbed, with the 
result that the stream of nervous im- 
pulses that maintain a normal tonus 
is interrupted and the individual col- 
lapses. There are diseases, particu- 
larly of the brain or nerves, which 
diminish tonus, and others which in- 
crease it. The child in Figure 99, is 
suffering from an increase of muscle 
tonus. It cannot walk because the 
tonus of its leg muscles is so great 
that ail the muscles are spasticajly 
contracted (a). To decrease The ex- 
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Fig. 96. At (d) is seen one of the many tendon sheaths of the foot. The tendon (a) 
moves within a double-walled sheath of connective-tissue (b) containing a lubricating 
fluid (c), which reduces friction to a minimum, as in the motion of a well-oiled machine. 
A deficiency of this fluid, the result of over-exercise, may lead to painful inflammation. 


aggerated tonus some oi’ the nerves 
were severed. Three hours after the 
operation the child was able to stand 
(b); and fourteen days later it could 
walk normally (c). The woman in 
Figure 94 is not an acrobat, but is 
suffering from a disease of the spinal 
cord in the course of which the nerve 
paths that carry the tonus impulses 
are destroyed. In consequence the 
natural tension of the muscles has 
disappeared. Tier leg is so flaccid 
that she can no longer stand, but lies 
paralysed in bed. Her leg can be 
raised far over her head because it 
has become loose at the hip. The 
child in Figure 93 and the woman in 
Figure 94 are the two extremes. Be- 
tween them are the normal persons, 
among whom there are ail gradations 


of hypo- and hyper-tonic individuals. 
Each one of us belongs to a definite 
tonus type. The tonus of the muscu- 
lature is, so to speak, the external in- 
dicator of the ‘‘ state of the weather '' 
in the nervous system. 

Muscle Sense. Each nerve fibre 
that transmits an order to contract 
from the brain to the muscle — that 
is, each motor fibre— carries a strong 
current. It corresponds to the light- 
ing circuits of our homes. The tonic 
nerve fibres which transmit the weak 
but sustained tonus impulses carry 
a weak current like an electric-bell 
circuit. In addition to these there 
exists yet a third type of nerve fibre, 
the sensory fibre, ■which connects the 
muscle with the sensory centre of the 
brain. This nerve fibre corresponds 
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to a telephone line. By means of it 
the muscle reports to the brain 
its state of tension. Take this book 
in your hand and hold it up high. 
Yon know exactly where the book is, 
liow it is sliaped, and how heavy it 
is. When you move it, )’ou know 
whether it is live inches or twenty-hve 
inches from your forehead. This 
orientation in space is due to our 
muscle and joint sense. Every muscle 
oi' the arm and shoulder reports its 
degree of tension to the brain. On 
the basis of these combined reports 
the brain determines the exact posi- 
tion of the arm. In other words, the 
brain takes its bearings by means of 
these reports just as the position of 
an aeroplane or a ship, etc., is estab- 
lished with the aid of radio waves. 

Automatic Control 

The muscle sense permits of our 
making movements without the 
need of controlling them with our 
eyes. We can go for a walk and con- 
verse with a companion or look at 
the street scenes without going astray 
or making a false step, because our 
muscle sense informs us of the posi- 
tion of our legs. If the telephone 
lines between the muscles and the 
brain are broken, as is the case in 
various diseases of the spinal cord, 
the individual loses his muscle sense 
and with it the ability to orient him- 
self in space without the control of 
his eyes. An individual with a dis- 
eased spinal cord can stand during 
the day as long as he can see. As 
soon as he closes his eyes, however, 
he falls down. Usually these patients 
first come to the doctor with a com- 
plaint of this nature : “ I can’t under- 
stand it. ^When I turn off the light' 
in my room, I feel very shaky!” Or 
they may say: “For some time now 
when I wash myself and close iiiy 


eyes, I feel unsteady on my feet. . . .*’ 
These people have a partial loss ol 
muscle sense. Soon even this last 
vestige disappears, and the ]:)atie!U 
can no longer walk, even in the day- 
time. He is paralysed. Yet he can 
be taught to walk again — with tlie 
aid of his eyes. Footprints are traced 
on the floor, and the patient then 
learns to place his feet exactly in the 
prints. In a similar manner he also 
learns to walk up stairs [Fig. (j5|. 

The Space Sense 

The accomplishments of the 
muscle sense are extraordinary. 
Stand up from your seat and set some 
goal for yourself several yards away, 
such as a door-knob, or a light-switch, 
or even a key in a closet door. Try 
to reach and touch this goal while 
keeping your eyes closed. You will 
be astonished at the almost somnam- 
bulistic assurance with which you 
can move through the room and 
reach a key or a switch four yards 
distant. 

The world of the blind is without 
light, but it is not empty. It is hi led 
with tonus and a sense of space. Tlie 
ability to perceive space makes it pos- 
sible for us to walk up a stairway in 
the dark, to take the right key from 
our pocket, and — what is really aii 
astonishing achievement — to insert 
it correctly into the keyhole without 
looking. Women knit without watch- 
ing the needles, typists type “ by 
touch,” automobile drivers shift 
gears without looking, pianists can 
play ill the dark, and we can undress 
in the dark — all of these acts are in 
part functions of the muscle sense. 
Since space perception is a very deli- 
cate nervous function, it is a more 
delicate indicator of a person’s fresh- 
ness or fatigue than any other sign. 
If we observe ourselves attentively 
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Fig. 97 . Cylinders of the hnnian muscle 
motor, { a) The sheaths of the thigh muscles 
In cross-section; (b) in longitudincd section. 


we shall soon notice tluit, whtii we 
are tired our ability to orient our- 
selves in the dark is deiinitely diiniii- 
ished. I1‘ vve come home tired, even 
though we have had no alcohol, we 
liave moi’e difficulty than usual in 
linding- the keyhole or a light-switch. 

I'rai }ii ng. D uring a contraction a 
muscle is shortened by about its 
lengtli. Each libril raises one 
millionth ol‘ an ounce, and a square 
inch ol‘ muscle mass lifts about 58 to 
n]o pounds, depending on the train- 
ing of the rnuscie. The deveiopment 
of a muscle is the best illustration 
ol‘ the training principle; indeed the 
word “ training ” has been adopted 
from the terminology ot' athletics, 
where the musculature of the body 
is certainly well exercised. Athleti 
accomplishments and records have 
constantly improved within recent 
years owing to the fact that athletic 
tiaiining has consciously been based 
on scientific principles. There 
hardly a year in which world records 
are not i)roken. In 1906 in Athens 
runners from fifteen nations raced 
over an 800-metre course. Not one 
finished the race in less than two 
minutes. In 1 936, 1 50 runners covered 
the same distance in less than two 
minutes. Most of these athletes were 
tall; only a few short men were in 
this grou]). Hiis was quite natural. 
7 he former liad long levers for loco- 
motion, while the latter had short 
ones. In a manner of speaking, the 
former had ])een constructed by 
nature as express locomotives, whose 
wheels had long spokes. The latter 
were freighi -train engines, whose 
wheels revolved just as fast or indeed 
even faster, but without attaining 
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such greal speed. The smaller the 
wheel, the more rapidly does it re- 
volve in relation to time and dis- 
tance. The same is true of muscles. 
The smaller a muscle, the greater is 
the number of contractions in any 
unit of time. A violinist executes 
lo movements per second. A pianist 
playing the “Minute Waltz” must 
move 740 keys with his right hand 
during one minute, and great vir- 
tuosos can accomplish this feat in 35 
seconds. The smallest of the skeletal 
muscles of the body are the speech 
muscles, and they hold the record 
for speed: ^^5 movements per second! 
Because its muscles are still smaller, 
a fly moves its wings back and forth 
330 times a second 1 

Tendons a 7 id Inflammation of the 
Tendon Sheaths. A large muscle 
that connects one bone with another 
is a model of the small fibre of which 
it is composed. Like the latter its 
basic shape is that of a spindle, and' 
its surface is covered by a sheath so 
that it will not become abraded. The 
muscles do not lie free, but run in 
cylinders within which they are com- 
pelled to move exactly like the pis- 
tons of a motor-car engine [Fig. 97]. 

Muscle Cylinders and Pistons 

The human body is a machine 
within which more than 500 cylin- 
ders are installed, and in which 500 
red muscle pistons, equipped with 
numerous ignition apparatuses and 
conduction wires, slide back and 
forth. What a wonderful picture it 
would make if someone would take 
the trouble to represent them all to- 
gether in the same manner as has 
been done with those in Figure 97 ! 

As a result of being crowded to- 
gether and of the traction to which 
they are exposed, the ends of the 
muscle fibres have become coarse and 


hard, forming white tendons that 
connect muscle with bone [Fig. 96]. 
T endon tissue is very strong and 
firm. Get a piece of beef tendon 
from your butcher and bfiil it for 
an hour, or even eight hours. T1ie!i 
try to chew it. All your efforts will 
be entirely in vain. 

Lubrication 

In order to prevent the tendons 
from becoming abraded when in mo- 
tion, they are enclosed in coverings, 
the tendon sheaths (cl), at (he danger 
points. The tendon vsheaths arc those 
points of the human motor machin- 
ery upon which the greatest demands 
are made when in use and which are 
therefore constructed with special 
care. The tendon sheath is a double- 
walled sac (b). The internal layer 
is intimately united with the tendon 
(a), while the outer layer is connec- 
ted with the neighbouring organ. 
The space between them is filled with 
fluid (c). When a muscle moves, the 
two layers of the tendon sheath slide 
past each other with a minimum of 
friction like the piston and cylinder 
wall of a well-oiled machine. 

The muscle machine needs rest 
periods so that the fluid spaces in 
the tendon sheaths may be replen- 
ished. If the muscles are used (oo 
long without a rest, the two layers 
of the tendon sheath begin to rub 
against each other. The tendon be- 
gins to creak just like an unlubricated 
motor-car axle. The result is a 
creaking tendon-sheath inflamma- 
tion, an extremely unpleasant and 
chronic condition which occurs 
among athletes, musicians, dancers, 
stenographers, typists, and machine 
workers of all kinds. If one notices 
the slightest signs of fatigue or pain 
in the joints of the hands or feet, or 
if the joints begin to creak, they must 






Fig. 98, The pistons of the human muscle motor. At (b) is the triceps., which 
straightens the elbow joint (I); and at (a) the biceps, which flexes this joint (II). 


immediately be put at rest iu order 
to prevent the threatening tendon - 
sheath inflammation. We all know 
by experience how difficult it is to 
decide on a step of this kind. Who 
likes to give up athletic activities or 
music studies for many weeks? Yet 
if a tendon-sheath inflammation is 
once present, a period of rest ten 
times as great is required before the 
condition is overcome. 

Flexor aiid Extensor. Figure 98 
depicts, as an example, one of the 
simplest working systems of the 
human musculature, the extension 
and flexion apparatus of the arm. 
The best known of all muscles, the 
biceps (a) is situated on the inner 
aspect of the arm, ^vhi]e its opposite, 
the triceps (b), is located on the outer 
aspect. If the arm is extended (I), 
the extensor muscle, the triceps, is 
shortened, and the flexor, biceps, is 
relaxed. If it is desired to bend the 
arm, the biceps is contracted while 
at the same time the triceps is relaxed 
( 11 ). Flexor and extensor muscles are 


antagonists. \Vhen one contracts, 
the other relaxes. 

The Hnnirui Muscle Machine. 
Figure 89 represents a lateral \'iew of 
the most important external skeletal 
muscles. Figure 105 (a) shows the 
muscles of the back and the lumbar 
region, and Figure 105 (b) the 

muscles of the trunk. We can thus 
obtain some idea of the internal and 
external construction of the human 
muscle machine. The human body 
is a muscle machine with 500 pistons 
running in all directions, and several 
hundred driving bells guiding mure 
than 36 transmission systems and 
moving over too joints — this gives 
one some idea of the difficulties in- 
volved in a stud}' of the mechanics 
of the muscular system. In spite of 
all the intensive research that has 
been devoted to the subject, there are 
still many unsolved problems of 
muscle and joint mechanics. The 
layman must remain satisfied with 
the few glimpses that enable him to 
form some idea of the entire field. 



ATMOSPhERjC 

.PRE?SUP£ 


Of <^RAV1TY 


MACHINERY OF WALKING 

Fig. 99. When we walk, atmospheric pressure forces the thigh bone into the hip~joint, 
thereby reducing its weight. The leg^ raised by muscular contraction, is then attracted 
by the force of gravity^ just like a swinging pendulum. 
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CHAPTER IX 


Principal Muscle Systems 

THE MUSCLES OF THE HEAD. RIGHT-HANDEDNESS. ASYMMEIRV OF 
11-IE LEGS. LEFT-HANDEDNESS. I'HE CAUSE OF ASYMME'rRV. AM’Bl-^ 
CULTURE. THE MUSCULATURE OF THE TRUNK, THE ABDOMINAL 


MUSCULATURE. 


HERNIA. MECHANICS OF AVALKING. 


THE ARM. 


T he head is a rocking-chair, 
balanced at the top of the spinal 
column upon the runners of the 
uppermost vertebra [Fig. 6o]. Since 
man is not built to be a standing 
creature, but is an upright quad- 
ruped whose head originally hung 
downwards like that of all animals, 
the centre of gravity of this “ rock- 
ing-chair ” is not located directly 
over the joint, but rather eccentri- 
cally with an excess of weight in the 
region of the jaw. Consequently, in 
order not to topple over forwards, 
it must be maintained in place by 
special muscles [Fig. loo]. The sup- 
porting muscles of the head are the 
muscles of the back of the neck. 
Similarly the joint of the lower 
jaw is constructed for a hanging 
head. In an animal the lower jaw^ 
is in the normal hanging position. 
Man must pull on his jaw to keep it 
from falling down. The cheek muscle . 
serves to support the jaw. This 
muscle can be felt more easily than 
any other muscle of the body if one 
places one’s fingers on the cheeks, 
presses the teeth tightly together, and 
tiien moves this muscle. In nervous 
people who are excited, it can be seen 
vibrating restlessly. It is the most 
imporlant masticatory muscle and as. 
sucii one of the strongest in the body. 
In chewing coarse food it performs 
a quantity of work equal to one 


horse-power! The neck muscles 
supporting the skulk the cheek 
muscles supporting the lotver jaw, 
and the lid muscles carrying the lids 
are three groups of muscles that are 
continually tensed in tvaking hours. 

In the performance of these func- 
tions, however, the nuiscles are gener- 
ally not under the control of the high- 
tension' current of volition, but are 
automatically charged by a weak cur- 
rent from the tonus centre and are 
tonically contracted. If one grows 
tired and the tonus of one's muscles 
diminishes, fatigue first becomes 
noticeable in those muscle groups 
that are placed under special strain 
by the upright posture of man. The 
knees give way, the spinal column 
bends forward, head and jaw sag 
downwards, and the eyelids close. We 
nod off [Fig. 101 ]. 

Since the posterior neck muscles 
have to perform such heavy labour 
uninterruptedly for sixteen hours 
and longer daily in keeping the iieavy 
sphere of the head in j)()sition, they 
are nunlbered among the strongest 
muscles of man’s body. They are 
true heavy athletes, and among occu- 
pational groups may be compared 
with furniture-movers, while the 
neck muscles that dirccl the position 
of the head and the delicate move- 
ments of the face are light athletes, 
comparable to a chauffeur who sits 
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Fig. 100. While we are awake, the 
muscles of the neck, cheeks and eyelids are 
working constantly in order to keep the 
head erect, the jaw up and the eyes open. 

at the steering wheel of a car and 
without performing any heavy labour 
steers the moving automobile round 
cur\^es and street corners. 

As a result of man’s upright posi- 
tion several muscle groups of the 
head have become superfluous and 
are in a process of degeneration. 
Among these are the car muscles with 
which animals prick up their ears; 
man no longer needs this function as 
he has become an eye creature. The 
ear muscles are still present, although 
but few people can still move their 
ears like animals. By means of exer- 
cise these muscle remnants can again 
be made to function. Wiggling the 
ears is a sport among schoolboys. 
When in the course of his lectures 
the famous anatomist Albinus dis- 
cussed the ear muscles, it was his cus- 
tom to remove his periwig and to 
wiggle his ears vigorously, to the great 
delight of his enraptured students. 


On the neck directly under the 
skin lies a flat, extensive muscle with 
which handless animals shake off 
flies. The play of this muscle can 
be observed in any horse or ox. 1 ’his 
muscle, too, is still present in nian, 
but in a degenerate form. On the 
other hand, however, just because of 
the erection of man’s head, and in 
conjunction with his speech, the 
more highly situated skin muscies of 
his face have developed, with a fine- 
ness not found in any other animal, 
and have created a separate muscle 
apparatus known as the mimic mus- 
culature. The mimic musculature 
consists of those muscles which man 
employs, without performing any 
specific acts, while speaking or in 
silence to express his inner feelings. 
It is that musculature by means of 
which a child contorts its face into 
a grimace. Since the forms of ex- 
pression employed by an individual 



Fig. 101. When we are tired, the neck, 
cheek and eyelid muscles relax, so that the 
head and jaw sink and the eyes close. 
Sleep usually follows immediately. 


THE DOMINANT' .RIGHT HAND 


are . frequently' repeated,, the facial 
muscles come to assume certain per- 
manent attitudes wliicli, when taken 
together with the form of the skull, 
we call the physiognomy of the in- 
dividual. If a profession or trade re- 
quires certain attitudes, a so-called 
professional physiognomy may ap- 
pear. It is interesting to note that 
happily married couples often come 
to resemble each other. 

Facial Asvnirnetry. Stand in front 
of a mirror and observe your face; 
it is not symmetrical. In ninety-six 
per cent of all people the right half 
of the face is more markedly devel- 
oped than the left. The arch of the 
right eyebrow is higher, the forehead 
is squarer or more curved on the 
right side, the right cheek is more 
prominent, the mouth, the eye, and 
the ear are moulded with greater 
precision. If we were to look closely 
at all the people whom we know, 
similar asymmetries would be ob- 
served. 

Right-Handedness. Asymmetry of 
the head is part of the asymmetry of 
the entire body. In the embryo the 
body develops symmetrically, and no 
asymmetries are to be observed in the 
newborn. Around the age of six 
months, however, when the child be- 
gins to use its hands, it shows a pre- 
ference for one hand over the other. 
Ninety-six per cent of mankind pre- 
fer to grasp, write, and work with 
the right hand. They are right- 
handed. Our entire style of living 
is based on this fact of universal 
r igh t -h a n d ed ness. 

Asynrmeiry of the Legs. The legs 
also differ in strength and dexterity. 
The heart is situated on the left side 
and the liver on the right. Thus the 
structural equilibrium of the body is 
already disturbed internally. As we 
know, the skeleton is not rigid and 


m 

unchanging, but rather a plastic 
structure, so that this asymmetry 
leaves its mark on the spine, the pel- 
vis, the thighs, and the feet. When 
buying a pair of shoes, both shoes 



Fig. 102, A hopeless experiment. Owing 
to the asymmetrical structure of the body 
and the consequent lack of symmetry in the 
gait, it is impossible to walk blindfold over 
a narrow bridge without colliding with the 
railing on one side or the other. 

must be .tried on, because the 
measurements of the feet often differ 
greatly. On closing the eyes one be- 
comes incapable of walking in a 
straight line. Even if a fantastic sum 
were to be offered to any person who 
could walk blindfolded across a nar- 
row bridge, such as that in Figure 
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Fig. 103. The results oj asymmetry: every blind wandering ends in a circle. Here a} 
the tracks of three men who attempted to cross a valley to X during a snowstorn 
Repeated hut futile attempts have led them hack to the point from which they set oil 
The constant control oj the eyesight is necessary to correct the deviation arising froi 
bodily asymmetry — the unequal development of opposite sides of the hodv. 


!{)2, AvilhoiU iouduno- the railing on 
either side, one can be sure tluil: Uie 
prize would remain unciaimcd. Even 
mudi less exacting experiments are 
unsuccessFul. Without the control 
of the eves one cannot reach a tree 
al a distance ol; thirty paces. 

Si. Mark's Square in Venice is 
about 194 yards long and 82 yards 
wide: certainly room enough for any- 
one who wishes to cross. Yet in the 
course of experiments that were car- 
ried. out there, not a single one of 
the people tested succeeded in cross- 
ing from one narrow side of the 
sc[uare to the other with eyes closed. 
Asymmetry of the body and therefore 
of the musculature is believed to be 
the reason for the waiidering about 
of people when they are lost. In 
Sweden, where sno^v and fog often 
occur together, and tracks can be 
traced, reliable observations have 
been made on the ^vanderings of lost 
men and animals. On a foggy night 
three people wanted to cross a vallev 


two and a half miles wide. Vet thev 
were unaf)le to do so, but \vandcied 
around in a citxle four times, and 
finally— arrived back at the 1 ml from 
which they had started [Fig. io;»|. 
While travelling through the d'ibet- 
an de.sert the explorer Sven lledin 
was overjoyed to find footprints. On 
clo.ser examination they turned out 
to be his own. Owing to fatigue, lie 
had not looked at his compass for 
several hours and had travelled in 
a circle. In his story Masiev and Man 
Tolstoy describes an involuntary 
sleigh-ride in a circle. Wild animals 
circle about die area wliere they live, 
because of tlieir asymmetrical bodih 
structure. They never run straight 
ahead but return almost automati- 
cally to their starting point as a result 
of circular movement. 

Likewise, without constant ocular 
control and correction one can 
neither row straight ahead nor drive 
a car along a straight line. The 
very poor results that have been oh- 
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laiiied in alieiiipts to drive cars while 
bliiididided are very astonishing. 
After a , short .start every person tested , 
became uncertain and, as a v ictim of 
asymmetry, began to drive in regular 
circles. The radius of such circles 
was often no more than thirty-tiiree 
yards, and yet the driver was con- 
vinced that he had tiriven the car in 
a straight line. 

Left-Handedness. Ninety-six per 
cent of all persons are right-handed. 
In four per cent the situation is re- 
versed. They are left-handed. Left- 
hancieclness is rieither a defect nor a 
vice, but simply an inversion. If one 
notices tliat a child is left-handed, it 
ought not to be scolded, nor should 
the completely tiseiess attempt be 
made to transform the child into a 
right-handed one by means of com- 
pulsory measures or repeated com- 
mands, Don’t be dissatisfied with the 
situation. It is possible that the child 
may be especially talented, for left- 
handedness is very often combined 
with special talents, Leonardo da 
Vitici, undoubtedly one of the most 
remarkable and many-sided figures 
in the history of human culture, was 
left-handed to such a degree that he 
even kept his notes in mirror-writing. 

Michelangelo, the greatest sculp- 
tor of all time, worked with his left 
hand; Holbein and Menzel painted 
with the left hand. Left-handedness 
is mentioned several times in the 
Bible. Among the lighting men of 
the tribe of Benjamin there were 
seven hundred who were left- 
handed; “ every one could sling 
” stones at an hair breadth and not 
miss” (fudges xx, ib). Ehud, the 
leader ®of a delegation, used his left- 
handedness to assassinate Kglon, 
King of Moal) (Judges iii, Un- 

noticed, he drew his sword with his 
left hand from beneath his cloak and 


stabbed the tyrannous t uler. Adulles 
likewise fell a victim to a lefl-haiidetl 
adversary. 

The Cause of As\nnnetr\. M'e are 
ignorant of llie catise of asymmelrw 
There are about lwent\-li\e, in part 
very ingenious, theories on the sub- 
ject. It is well to note here that while 



Fig. 104. Man is right-handed because 
he is left-brained. Our speech, writing and 
actions are controlled and directed by the 
left half of the brain. The nerve fibres cross 
in the medulla oblongata, as shown above. 

a theory may appear convincing, and 
all the examples cited in its support 
may be correct, yet the theory can 
still be false. A theory is of no more 
value than a balance sheet. ^The 
ligures may be correct; the accounts 
may appear to be accurate; discrepan- 
cies may be absent, ^'et the ligures 
cannot tell us whether the ]>roperly 
drawn-up balance sheet is a faithful 
reflection of the actual conditions ex- 
isting in the enterprise. All theories 
of right-handedness that try to eluci- 
date the problem on the basis of such 
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external factors as modes of living, 
training, and cultural customs have 
been superseded since it was dis- 
covered that right-handedness is not 
due to any structural asymmetry of 
the body, but is based on an asym- 
metry of the brain. The human brain 
is indeed symmetrical in its structure, 
and consists of a right and a left 
half, but these halves are not equal 
functionally. The left half of the 
brain is believed to be predominant 
^ver the right. The descending and 



Fig. 105. The muscles of the trunk — (a) 
external side-back view; (b) internal front 
view, showing also the heart and diaphragm. 


ascending nerve tracts that conned 
the brain with the rest of the body 
pass from one side of the spinal cord 
to the other at the level of the neck 
and emerge on the opposite side ol‘ 
the body [Fig. 104]. The right half 
of the brain supplies the left half 
of the body, and vice versa. Since 
the left half of the brain predomin- 
ates, the right half of the body is 
more skilled. Not only are we right- 
handed, but we are also “ right ”- 
speaking. We have our chief speech 
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centre in the left half of the brain. 
However, a subordinate speech 
centre is located in the right half of 
die brain. The situation niay be 
iilustrated pictorially as in the accoin- 
panying Figure 104.. The rooms on 
the left side are occupied and the 
people in them are carrying on their 
activities. The suite on the right 
side is empty. If it becomes neces- 
sary, however, the people and activi- 
ties on the left side can be shifted 
to the right, and after some readjust- 
ments everything goes on as before, 
llius if an individual suffers a gun- 
shot wound of the left parietal con- 
volution, he loses his motor speech 
centre and is unable to speak. After 
a while, however, the right centre 
may take the place of the in jured one, 
and he learns to speak again. 

Special Centres 

In conjunction with the speech 
centre, special centres for read- 
ing, writing, calculating, for remem- 
bering words, numbers, and ideas, as 
well as centres for word-formation 
and linguistic combination have de- 
veloped in the left half of the brain, 
so that man not only writes, speaks, 
and works predominantly with the 
left half of the brain, but also thinks 
with it. In left-handed individuals 
the situation is reversed. They have 
their chief speech centre in the right 
lialf of the brain and lose the ability 
to speak if the right brain is injured. 

Amhicultiire, If the left half of 
the brain is injured in childhood as 
a result of accident or disease, the 
affected child does not necessarily 
become mute. Even if the ability 
to speak is Tost at first, the child 
learns to speak again. This is due 
to the above-described ability of the 
right half of the brain to assume the 
functions of the left half. On the 


basis of this experience the demand 
has been raised liiat children be 
trained to use bolli hands with the 
ultimate intention of de\’cIo})iiig 
both halves of the brain equally. 
This idea has been named ambi- 
culture to indicate the equal de- 
velopment of both sides of the body. 

An Interesting Theory 

A great deal has been written on 
this problem and it has been widely 
discussed. As always the advocates 
of ambiculture claim to have 
achieved special successes. Yet as 
often happens with new and wonder- 
ful theories and methods, the dis- 
coverers appear to themselves to be 
successful, but their good results 
are not apparent to other people. It 
has not been possible to train many 
children to become more capable by 
means of ambiculture. Nevertheless 
the idea ought not to be rejected as 
worthless. 

The Musculature of the Trunk, 
Figure 105 presents two views of the 
trunk musculature of the human 
body. Figure 105 (a) shows the 
muscles of the back as seen from with- 
out. We see how the muscles cover 
the skeleton in the form of broad 
sheets, how the fibre bundles run in 
vatdous directions towards numerous 
points of insertion. — no motor- mech- 
anism in the world of technology has 
a structure so complicated as that of 
the human body. Figure 105 (b) re- 
presents a view into the opened 
trunk. In the centre lies the heart. 
It rests on an arched muscle plate, 
the diaphragm. The latter is sup- 
ported by high muscle columns, and 
descends by contracting its fibres as 
well as these columns. The dia- 
phragm forms the roof of the ab- 
dominal cavity and the floor of the 
thorax. When it descends, the 
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Fig, 106. Inguinal hernia (I). At (a) is shown the inguinal ring in the abdominal wall 
after removal of the skin and the subcutaneous fat . The external swelling in the grohu 
characteristic of this type of hernia, is seen at (b). 


: abdominal cavity becomes smaller 

i and the thoracic space larger. If the 

: thoracic cavity becomes larger, the 

lung spaces expand, the air-pressure 
in them sinks, and the outer air flows 
into the lungs. When the pull of tlte 
J respiratory muscles decreases, the 

diaphragm rises, lifting the floor of 
the lungs and pressing out the air." 
I The breathing body is an air-pump, 

I and the diaphragm is the muscle 

f piston which travels back and forth 

i within the trunk alternately enlarg- 

; ing and decreasing the thoracic and 

i abdominal cavities, thus creating 

positive and negative pressures. The 
diaphragm is important for the 
support of life, and is at the same 
j lime the most industrious muscle in 

the body. It functions from the first 
to the last minute of our lives, when 
we are awake and when we sleep, 
i Its only rest periods are the short 

I pauses between breaths. In the 

I course of a lifetime the diaphragm 

I executes approximately five hundred 

million movements, 

: The Abdominal Musculature, In 

■ the intervening space between the 


thorax and the pelvis, the muscula- 
ture of the body plays a unic|ue role. 
Instead of taking part in the loco- 
motor mechanism of the body, its 
function is that of support: in the 
form of the abdominal wall it must 
keep the entire visceral system lo- 
.gether as in a sack. The wall of the 
abdomen consists of several flat layers 
of muscle, wrapped around the bod\' 
in criss-cross fashion, and reinforced 
by strong tendon strips and plates 
[Fig. 105]. In order to be able to 
fulfil their function, the abdominal 
muscles imisl be taut and elastic. 

In youth this is normally so. If in 
the course of an individiiars life, 
liowever, the abdominal muscles are 
put under too great a strain, or on 
the other hand if they atrophv as a 
result of too little use, they yield 
to the intra-abdominal pressure and 
relax. The result is a pendulous 
abdomen. Women are more prone 
to this dishgurement than men. If 
a woman’s abdominal musculature is 
not sufficiently strengthened, or if 
a mother cannot rest sufficiently after 
the birth of a child (as is unfort un- 
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alely true of iiiany women at the pre- 
seiu day), if she gets up too soon after 
conhnemeut or miscarriage and un- 
dertakes heavy work, the abdominal 
wall may become relaxed. This ivS 
a widespread condition among older 
women. 

During tlie act of coughing, during 
a bo\vel movement, as well as dur- 
ing the birth of a child, the ab- 
dominal muscles contract in their 
entirety to achieve the maximum 
pressure. Interrupt your reading for 
a moment; cough and at the same 
time observe what the abdomeii does. 
By means of this experiment on your 
own person )'ou twill obtain a clear 
impression of tlie nature of the work 
performed by the abdominal wall. 

Hernia. The abdominai wall has 
several weak points. The weakest 
ones are located at the inguinal fold, 
the boundary between the abdomen 
and the thigh, and are known as the 


inguinal rings [Fig. lob (a)]. Some- 
times these inguinal rings relax 
individuals whose connective tissue 
is poorly developed, or who strain 
their abdominal muscles excessively. 
In consequence tlie intestines pass 
out of the abdominal ca\ ity through 
these rings, so tliat they come to lie 
outside the muscle wail and may be 
felt as swellings under the skin (b). 
This abnormal condition is known as 
an inguinal hernia [Fig. 107 (c)]. In- 
guinal hernias are observed in in- 
fants whose abdominal rings were 
not sufficiently closed up at birth, 
in young people with poorly devel- 
oped connective tissue, among ath- 
letes who strain their alidominal 
wall, among older peo[)le in whom — 
because of their occupation 01 
chronic constipation — the intra-ab- 
dominal pressure is excessive, and 
among women wdiose inguinal rings 
cannot resist the pressure result in 


Fig. 107. Ingiiinal hernia (11). The appearance of a very large inguinal hernia after 

removal of the skin (c). At (d) is shown how an inguinal hernia appears after the opening 

of the hernial sac. Beneath the covering layers (here partly removed) can be seen a por- 
tion of the intestine. During the operation this protrusion is returned to the abdominal 
cavity. The opening in the abdominal wall is then closed. 



Fig. 108. Man is an erect quadruped. In walking he swings his limbs much as otha 
quadrupeds do. He leaves not only foot tracks, but — in the air, if we could see them— 
hand tracks as well. It is very difficult to walk while swinging the arms in any other rhythm. 


tioai labour pains during confine- 
ment. A hernia can be inipalpably 
small and reveal its presence only by 
the pciin which it causes; it can also 
be so large that it hangs like a sack 
from the abdomen. Larger hernias 
can be kept back by means of a truss. 
A truss is advisable for older people 
who do not wish to submit to an 
operation. Unless contra-indicated 
for special reasons, a young person 
should have a hernia removed as 
soon as possible by means of an 
operation. The more recent the 
hernia, the better are the conditions 
for operation, and the younger the 
individual, the greater is the healing 
power of the body and the less serious 
the operation. For young people 
the removal of a hernia is not only 
a medical and physical matter, but 
also a psychological problem, a ques- 
tion of joy in life. A hernia opera- 
aon, one of the oldest operations in 
the history of medicine, in view of 
the present state of surgery can in 
general be regarded as relatively 
harmless. Anyone who has a hernia 
larger than a plum and engages in 
athletics, performs heavy labour, etc., 


exposes himself to the danger that 
the intestinal loops may become in- 
carcerated in the inguinal rings. If 
the loops then become distended 
with intestinal contents or gas, it be- 
comes impossible for them to return 
to the abdoininai cavity through the 
narrow opening of the hernial sac. 
As a result they become swollen and 
inflamed, giving rise to the extremely 
painful and, under certain circuin- 
stances, very grave condition of 
strangulated hernia, which requires 
ail immediate and no longer harm- 
less operation. 

Man Walking — a Pendulum 
Machine. Stand in the middle of 
the room, close your eyes, and con- 
sider yourself closely. No person 
stands like a stone pillar. The com- 
mand “ Stand still ” exists only in 
our speech. The so-called act of 
standing is a constant process of 
balancing that extremely labile and, 
one can truly say, very precariously 
constructed bone tower known as 
Man. Laboriously we maintain our- 
selves in an upright position by con- 
stantly changing from one leg to the 
other, by constantly varying the pres- 




Fig 109. The muscle of a highly developed human arm can deal a blow of immense 
power. At (b) is the biceps, at (d) the deltoid. Compare this illustration with Fig. 98. 


sure on the joints, and by submitting 
our position to the continuous super- 
vision of the muscle and joint sense. 

The inaiiitenance of balance re- 
quires about three hundred muscles. 
A horse can rest and sleep in a stand- 
ing position because it stands like a 
table on four legs, thus reducing the 
work of its muscles to a minimum. 
Man does not rest, but works while 
standing. Standing is about as tir- 
ing as walking; indeed, since it does 
not occur in an automatic rhythm 
like walking, l)ut requires delicately 
graded alternations of muscle ten- 
sion, it may be even more fatiguing. 

The walking of an upright man 
on his thigh-stilts [Fig. 67 ] is a real 
trick, at which we do not marvel only 
because we have all learned it. As is 
well known, anything that one learns 


to do is no longer regarded as diffi- 
cult. If one were to ask an acrobat 
Avhether it is difficult to ride a bicycle 
on a tight-rope while opening a 
bottle of lemonade at a height of a 
hundred feet, he would laugh and 
say: “No, Fve been doing it daily 
for fifteen years. It is not hard, but 
one must learn how to do it.” 
Everybody would say the same 
about Avaiking if four-footed visitors 
Avere to come to the earth from some 
other planet and regard our Avalking 
on our leg-stilts Avith astonishment. 
Nevertheless it remains a clever trick, 
and every engineer Avho has occupied 
himself with the mechanics of walk- 
ing has marvelled at it. 

In Avalking, man makes use of tw’o 
natural forces: air-pressure and 
gravity [Fig. 99 ]. Each joint uses 
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lur-pressiu’C. SiiKC it arises within 
a hermetically sealed joint capsule, 
and is ronsccjuerith devoid oL' any 
air, evei'v joint is under the pressure 
of the atmosphere — but no joint to 
a greater degree than the hip-joint. 
Tlic head of the thioh-])one fils so 
ideallv into the socket of the hip- 
joint and is enclosed by the latter to 
such a degree tluit a leg, weighing 
about twenty-two pounds, hangs 
from the body almost as if devoid 


of any weight. H all the hgauKaUs 
are cut, the bone still remains in the 
joint. The stronger the atmosplieric 
pressure, the more securei\ is the 
thigh attached to the body. \Vhen 
the atmospheric pressure is high, we 
don't feel the weight of our legs so 
much. When the weather changes 
and the atmospheric pressure lalls. 
we feel that our legs tire much 
heavier. This feeling is an accurate 
reflection of the situation. If it weie 



-t 


Fig. 1 10. The muscle apparatus of the h 
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possible lo inslall a spriipu,' with an 
iiidiealor in Uie liip-joint, one could 
read off (he air-pressure as I'roni a 
barometer [Fig. 99]., 

Tlie second natural force of wliich 
man makes use in walking is the 
gravitational attraction of the earth. 
File earth puiis the leg downward, 
after it has once been raised through 
the power of the muscles, and keeps 
it swinging like a pendulum. A 
walking man is a pendulum machine 
that renders his oscillating legs as 
light as a feather with the aid of a 
vacuum, and uses the earth as a 
counterweight. 

Still a Quadruped 

Man walks on two legs, but in a 
certain sense he has nevertheless re- 
mained a quadruped. We are quad- 
rupeds whose forelegs walk in the 
air and not on the ground. While 
walking, each arm swings in time 
with the leg on the opposite side of 
the body, thus corresponding to the 
mode of progression in most other 
mammals [Fig. 108]. This cross-gait 
is deeply rooted in our being. Hardly 
anybody can. walk fifty paces while 
moving the arms in a rhythm dilTer- 
ing from that which we have in- 
Iierited. 

77/c Falh of Life. Each step rc- 
(| Hires an energy expenditure equiva- 
lent to over eleven pounds. Any- 
one marching for nine hours per- 
forms a quantity of work with which 
half a million briquettes could be 
raised from the floor to the height 
of a table. On the average, an in- 
dividual takes twenty ihou.sand steps 
daily: in eighty years the total would 
l)e about five hundred million! 

The Arm. I'he upper part of the 
ann is adapted for strength, the lower 
part for mobility. The farther one 
])asses from the shoulder, the weaker, 


but also the more delicate and com- 
plex, does tlie mechanism of the arm 
become. The scapula is a relati\ ely 
large turntable supported and con- 
trolled by giant muscles. If it has 
been sufficiently trained and devel- 
oped, the upper arm is an almost 
terrifung muscle a])paraius. One 
can readily believe that an arm like 
that in Fhgure 109 could deliver a 
deadly blow. The giant, triangular 
mass of muscle directly below the 
shoulder (d) is the deltoid muscle, so 
called because of its resemblance to 
the Greek letter della (A). The two 
swellings beneath it (b) are the bellies 
of the biceps, which serve as an in- 
dicator of muscular development. In 
a man of moderate strength, the cir- 
cumference of the arm above the 
biceps when extended is about 1 1 
inches, when flexed about u.5 inches. 
In athletes these measurements can 
be increased to more than 18 inches. 

Man’s Wonderful Hand 

In the forearm, as at no other 
point in the body, dozens of don- 
ga ted muscles crowd together and 
pass in compact groups through the 
narrow strait of the wrist to the hand. 
The entire structure resembles the 
entrance to a station. However, no 
trains travel back and forth on the 
rails, but rather the' rails themselves 
are mobile. In the palm of the hand 
the muscles again expand and branch 
out to reach the fingers. In order for 
the muscles to maintain precisely the 
same course at all times, they are 
kept in place by a large number of 
ligaments and sheaths. Not only is 
the appearance of the entire appara- 
tus very complicated, but it is also 
xsthetically very pleasing [Fig. no]. 
The study of the forearm and the 
hand may be included among the 
most difficult sections of anatomv. 
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THE AMAZING PUMP WITHIN OUR BODIES 
Fig. 111. During a day the heart pumps over 2,500 gallons of blood, and during an 
average lifetime about 55 million gallons — equal to the cubic capacity of a skyscraper. 






IV: THE CIRCULATION OF THE BLOOD 


CHAPTER X 

The Heart 

MAN A COMBUSTION ENGINE. THE CIRCULATION OF THE BLOOD. THE 
HEART. THE VALVES OF THE HEART. THE “ PRIMUM ORIENS.” 
THE WALL OF THE HEART. THE CORONARY VESSELS. THE 
PULSE, CARDIAC NERVES. HEART SOUNDS. THE NERVOUS HEART. 


R egarded as a machine, man 
.is a coiiibustioo engine like a 
petrol or steam-engine. Combustion 
is a chemical process which consists 
essentially in the circumstance that 
molecules of atmospheric oxygen (O) 
penetrate into the atomic structure 
of a carbon-containing molecule, 
unite with the carbon atoms (C) to 
form carbon dioxide (CO-), and thus 
cause a breakdown of the atomic 
structure. As a result of this break- 
down the internal potential energy 
of the molecule is liberated in the 
form of heat. This heat is the yield 
of the combustion process. CAial is 
burned in a steam-engine, petrol in a 
petrol-engine, and food consisting of 
sLiaar, flour, and fat in the human 
body. Figure 112 (I) is a diagrammat- 
ic representation of the human com- 
bustion engine. This diagram is 
fundamental for an understanding of 
the vital processes of the body, and 
should be studied very closely. - 
It ^vill be seen in the diagram that 
the body is traversed by three tubu- 
lar systems, llicy are: 

The intestinal canal (shown in 
white) which receives the carbon- 
containing fuel substances (C); 


The air canal (light grey) for the 
reception of oxygen ( 0 -); 

lire blood canal (dark grey) 
which conducts the two substances 
C and O- to the place where they 
unite and are burned, as, for ex- 
ample, in the muscles. Since the 
blood circulates within this canal, 
which consists of two inter-related 
canal systems that may be re})re- 
sented schematically in the form of 
the figure “ 8 ,’’ it is known as tiie cir- 
culatory system. The tubes or pipes 
forming the canal are called the 
blood vessels, the Iluid within them 
the blood. At the point where the 
two circles of the figure “H” intersect 
is a pump, the heart, which drives 
the l)lood through the Lubes. 

After having learned of the exist- 
ence and relations of these three 
tubes, let us now follow the course of 
the combustion process by means of 
the numbers in Fig. 1 12 ( 1 ). The fuel 
(C) enters the mouth with food and 
collects in the stomach and intestine. 
From the latter organs it is carried 
to the place where coin!) ust ion takes 
place. In order to burn up the de- 
posited fuel, an individual breathes 
in air containing oxygen (1). The 
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air passes tixrougii the respiratory 
passages (i») into the interior of the 
lungs (y,). Here the most delicate 
terminal branches of the respiratory 
tract come into contact with the 
ccfualiy delicate branches of the vas- 
cular system. Oxygen now passes 
through the tiiin walls of the respira- 
torv passages into the arterial blood 
vessels (4). The circulatory blood 
carries the oxygen (5) to the spot 
where combustion takes place (6). 
Here oxygen (O2) unites with carbon 
(C) to form carbon dioxide (COa). 
Heat is produced during this union, 
and for this reason the process is 
termed combustion. The carbon 
dioxide flows with the blood (7) to 
the lungs (8), passes into the respira- 
tory passages (9), and leaves the body 
by way of the nose (10). If one 
familiarizes oneself with this diagram 
so that it can be redrawn from 
memory, it will be easy to compre- 
hend the complex diagram of the 
circulation presented in Figure 112 
(II). 

The Circulation of the Blood, The 
heart (7, 3) must drive the blood 
through the two circles of the figure 
“8/' and has therefore divided itself 
into two parts. The right half of 
the heart has only to pump the blood 
through the smaller pulmonary cir- 
culation, and is consequently not so 
strongly developed. The left half of 
the heart (3) drives the blood through 
the greater systemic circulation of the 
body, and so is much stronger. 

Circulation of Oxygen 

Let us follow the })ath of one of 
the white oxygen spheres (O.). It 
enters the body with the inhaled air 
by way of the nose (1) and passes into 
the lungs. Here it })asscs from Uie 
respiratory passages into the blood- 
vessels, and flows with the blood (2) 


to the left half of the heart (3). From 
the heart it is carried by the aorta (4) 
and the other arteries to the place 
where combustion takes place (5). At 
that point two white oxygen splieres 
unite with one black carbon sphere 
to form the black-white symbol of 
carbon dioxide. The latter now 
passes by way of the veins of the body 
(6) to the right half of the heart (7), 
whence it is transported to the lungs. 
Here the carbon dioxide passes into 
the respiratory tract (8) and leaves 
the body by way of the nose. 

The Path of Carbon 

After having traced the path of 
oxygen, let us follow the path taken 
by carbon (C), which enters liie iii- 
lestiiial canal (while) from the outer 
world and is first of all deposited in 
the stomach (9). From the stomach 
it is transported to the intestine, 
where it is absorbed by special ves- 
sels. However, these vessels do not 
carry the carbon directly into the cir- 
culation, but first to a customs 
station, the liver (10), where the im- 
ported fuel is examined and worked 
on in several ways. Now the nutritive 
substances are first admitted into the 
circulation beyond the liver, and en- 
ter the right half of the heart (7). 
They are then transported to the left 
half of the heart (3) by way of the 
pulmonary circulation, and are car- 
ried by the arteries (4) to the place 
where combustion occurs (5). 

The Heart. The blood-vessels that 
make up the circulatory system are 
not hard and unyielding, but flex- 
ible, rubber-like pipes. Their walls 
are composed of muscle fibres, and 
in fact blood-vessels are simply 
elongated, hollow muscles. 

The heart is the inllatcd, balloon- 
shaped, central portion of the vascu 
lar system. By means of rhythmical 
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contraciions this balloon drives the 
blood through the vessels. When it 
contracts, it expresses the blood 
which it contains; on relaxing, blood 
again flotvs into it. Among higher 
animals the blood must be directed 
in a certain direction !)y means of 
valves. Tliese va]\es of the heart 
have been developed step bv step in 
the course of animal evolution, 
figure iig shows the two kinds of 
cardiac valves in their various posi- 
tions; Figure 114 shows them func- 
tioning within the heart. The ven- 
tricle (II) of the heart has two valves. 
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one at its entrance (i), the other at 
its exit (i>). The vahes open only 
in the direction of the Idood stream 
and compel the blood to How exclu- 
sively in the one direction. The pas- 
sage of the blood through the heart 
occurs ill four phases: 

(a) The vessel wliich !)rings the 
blood to the chamber (1) is full, the 
ventricle itself (11) is empty; 

(b) The ventricle expands and ad- 
mits blood from the vessel, 'ilie in- 
llowing blood helps to open the 
valve (1) by its forward pressure; 

(c) The filled ventricle contracts. 



Fig. 112. (1) The lije cycle oj the human body; (11) the circulation oj the blood. 



Fig. 113 . The cardiac valves. An auricido-ventricidav valve, when open (a): an 
auricido-ventricidar valve ^ closed (b); a semi-lunar valve ^ open (c); a semi-lunar valve, 
closed (d). By opening only in the direction of the bloodstream^ the valves ensure then 
the blood flows in one direction only; a healthy cardiac valve permits no backward flow. 


Hie pressure of the blood closes valve 
(i) and opens valve {f). The blood 
is unable to return and must flow 
on between the leaves of valve (2); 

(d) Now the blood-vessel beyond 
.the ventricle (II) is filled with blood. 
The heart is empty. It expands and 
causes inward pressure at both valves. 
However, the blood that has left the 
heart cannot leturn because valve (2) 
closes under the pressure of the 
column of blood above it. Valve (1), 
however, opens again and lets new 
blood flow into the ventricle. 

In the living body it is much harder 
to survey the relations of the various 
parts of the heart. Anyone who 
wishes to study the detailed struc- 
ture of the heart can do nothing bet- 
ter than to buy a cow’s heart at a 
butcher’s shop and dissect it. Indeed, 
it is a very fine and interesting, but 
by no means easy, subject to study. 

A view of the interior of the heart 
in its natural state can be seen in 
Figure 1 18 {Upper Right). Theblood 
flows in the direction of the numbers 
(1) to (10). It enters the right half of 
the heait from the large veins of the 
body, and collects in a space above 


the valve of the ventricle. This space 
is known as the auricle (2). When the 
heart expands, the blood flows 
rapidly through the open valve into 
the right ventricle (3). From the 
latter it is forced by the contraction 
of the heart through the valve (4) into 
the pulmonary artery (5). The blood 
then flows through the lungs, gives 
up a portion of its carbon dioxide, 
and returns to the left heart by way 
of the pulmonary veins as light-red 
oxygenated blood. In the left heart 
the blood takes a similar course. It 
collects in the auricle (7), flows 
through the valve into the ventricle 
(8), and passes from the latter 
through the upper valves of the left 
heart (9) into the large arched aorta 
(10). ■ 

The Valves of the tTeart. Of the 
four valves, the lower or auriculo-ven- 
tricular valves between the auricles 
and the ventricles [Fig. 113 (a) and 
(b); Fig. 118, under (2) and under 
(7)] are known as the tricuspid (right 
half of the heart) and the mitral (left 
half of the heart). They consist of 
flaps of tissue resembling sails, at- 
tached by their bases to the margins 
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Fig. 1 14, The four phases of cardiac activity. First (a) the auricle (1) oj the heart 
is filled with blood; (b) the auricle then expels the blood through the auriculo-ventricidar 
valve (1) into the ventricle (II); (c) the ventricle expels the blood through the semi- 
lunar valve (2) into the artery (III); (d) by its own weight the blood closes the 
semi-lunar valve behind it, and is impelled upward by the next heart-beat. 


of the auriculo-veiitricular aperture. 
The edges of these flaps hang into the 
ventricle when the heart is empty. 
A number of stout connective-tissue 
cords, the choixhe tendinex', are 
attached to these edges. The choixUe 
tendineae are themselves fixed to 
muscular elevations of the ventricu- 
lar wall known as ’ the papillary 
muscles. These muscles are elastic 
and function as spiral brakes that 
limit the movements of the valves. 
The upper valves [Fig. 113 (c) and 
(d); Fig. 118 (4) and (9)] are known 
as the semi-lunar valves, because they 
consist of crescent-shaped pouches. 
Figure 118 {Upper Right) shows the 
right semi-lunar valve closed (4), 
while the left one is open (9). 

The “ Frirnurn Oriensf While 
the heart contracts, no blood can 
flow into the ventricle. Nevertheless 
blood flows uninterruptedly from the 
body to the heart. This blood col- 
lects in front of the ventricle, thus 
distending the portion of the blood 
vessel just in front of the entrance 
to the V 


kind of expanded antcxh amber, tiic 
auricle, has developed in the course 
of animal evolution [Fig. 1 18 (c*) and 
(7)]. It functions mechanically as a 
reservoir into w'hich the veins empty 
while the contraction of tlie ven- 
tricles is taking place. In higher 
animals the auricles have developed 
small accessory spaces that overhang 
the heart like the ears on an animal's 
head, rvhence they derive their name. 
The right auricle is that point in the 
heart which first begins to beat dur- 
ing embryonic development, and is 
the last to stop beating at death. For 
this reason the old anatomists called 
it the prinium oriens, nil ini inn 
moriens — -the first to arise, the last 
to die. 

The Wall of the Heart. The wall 
of the heart consists of an ingenious 
interlacing of muscle fibres. As a 
result of the S-shaped curve of the 
vascular tube during the 
ment of the heart [Fig. ^4], the 
converge in spiral courses 
diac 
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poiiiLs (>1 aUadunerU [l%s. 115 and 
1 li)]. 1 he card iac nuiscle fibres are 
die besl'de\ eloped inuscle fibres of 
die body, for diey perforin the 
heaviest work without cessation. If 
a ]oni>itudinai section is viewed un- 
der the inicroscojie, one sees a beauti- 
ful mosaic arrangement, as shown at 
(a) in Figure 118. If the cardiac 
muscle fibres are subjected to a more 
detailed i investigation, and a three- 
dimensional model is constructed on 
a basis of these studies, we have a 
structure like that at (b). An isolated 
single fibre from this structure will 
present an appearance like that at 
(c). dlie wall of the heart is composed 
of many hundreds of thousands of 
structures like this fibre cell. 


animals special cardiac vessels pass 
from the large aorta into the muscu- 
lature of the heart, surrounding 
every part of the heart, including the 
most delicate inicroscopic fibres (e), 
with a compact vascular iietwxirk. 
Although the weight of a functioning 
heart is only one hundredth of the 
weight of the body, yet it removes 
from the circulation one twentieth 
of the blood volume for itself 1 Idie 
most industrious of all organs is the 
best nourished by the body. Because 
of their arrangement the blood ves- 
sels of the heart are known as the 
coronary vessels. They possess a posi- 
tively fateful importance for the 
ability of the heart to perform its 
function. 




The Corohary Vessels. Among The Ferkardiiun. Tlie various 
lower animals the cardiac muscle viscera — heart, lungs, intestines, ab- 
fibres are nourished by the blood clominal glands, kidneys, and sex 
flowing through the heart. Jn higher organs- — do not lie free in the body 
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like toys in a box, but arc suspended 
in sheaths like (he luuseies. I'lie 
pleura ol' the lungs, the ])eritoncuin 
of (he af)doinen, and the pericardium 
of tlieiieart arc sueli suspension struc- 
tures. Ill principle they resemble the 
tendon sheath in Figure 96 and the 
diagrain in Figure 1 17 (b). "Fhey arc 
double-wailed sacs which form dur- 
ing embryonic development owing 
to the circumstance that the organs 
gTOW into them from without. 

Double Walls , 

In Fig. 117 (a), (I) is a fist; (II) a 
rubber ball half filled witli air; (III) 
is a table lop. The fist is pushed into 
the ball (b) until it almost touches 
the table, llie fist is thus surrounded 
by two rubber walls, and when it is 
nuwed back and forth, the two rub- 
ber walls slide past each other. In 
a similar manner the heart is covered 
by the pericardial sac (c), the lungs 
by the pleura, and the intestines by 
the peritoneum. The narrow space 
between the two walls of the sac 
contains a slight amount of fluid 
which serves to lubricate the surfaces. 
This prevents the moving heart from 
becoming abraded by rubbing 
against neighbouring organs. 

The Action of the Heart. The beat 
of I lie heart is not a simple contrac- 
lion like the clenching of a list, but 
occurs in the form of a contraction 
wave which begins at the mouths of 
(he great veins, passes over (he 
auricles, then over the ventricles, and 
ends at the apex of the heart. Each 
beat of the human heart lasts about 
o.S second. Both valves of the heart 
^'unction svnchrouoiisly, the auricles 
contracting together and the ven- 
tricles together. In analysing the 
action of the heart, or the cardiac 
cycle, the auricles and the ventricles 
are each regarded as one organ. The 



Fig. 116. The tendons of the heart. 
Tough tendinous strips are woven into 
the muscle bundles of the heart. At the 
points of entry of the great vessels^ these 
tendons form strong supporting rings for 
the muscular structure. Spiral arrange- 
ment of the tendons ensures great strength. 

contraction (or systole) o[ the auricle 
takes about 0.1 second, its period of 
relaxation or diastole about 0.7 
second. The contraction of the ven- 
tricle commences when the systole of 
the auricle ceases, and lasts approxi- 
mately 0.3 second. It then relaxes 
for about 0.5 second. At the end of 
each cardiac cycle there is a brief 
pause, which is followed by the next 
cycle. Auricle — Ventricle — Apex — 
Pause . . . Auricle — Ventricle — Apex 
— Pause: this is the rhythm of the 
heart action [¥ig. 119]. During the 
short pause the heart recovers from 
its exertion and eliminates the 
fatigue substances that have collec- 
ted. The heart beats about 100,000 
times daily, and rests an equal num- 


THE HEART 



Fig. 117. The pericardium is a double-walled sac, such as is formed when a fist is 
pressed into a soft, elastic ball. How the pericardium surrounds the heart is shown at (c). 


ber of times between beats. If this 
number be multiplied by the dura- 
tion of the rest period, which is ap- 
proximately iV of a second, we arrive 
at a total daily rest period of 6 hours, 
or a period of i?o years in the course 
of a lifetime. Thus our heart can 
stand still for 20 years— but only 
when this period is divided into in- 
tervals of lij- of a second. 

In the course of a year the heart 
beats 40,000,000 times. With each 
beat it discharges 6.1 to 6.7 cubic 
inches of blood from each ventricle. 
In the course of a day each ventricle 
pumps 10,600 quarts through the 
blood vessels, and in a lifetime ap- 
proximately 55,000,000 gallons [Fig. 
111]. In order to comprehend the 
magnitude of this performance let us 
restate it in terms of mechanical 
work. As defined in physics, work is 
measured by the weight raised multi- 
plied by the height to which it is 
lifted. In calculating the mechani- 
cal work of the heart the height is 


replaced by the resistance presented 
by the blood-pressure against which 
the ventricles work. In the human 
body when at rest the resistance in 
the left ventricle is equivalent to that 
of a column of blood about 6 feet 
6 inches in height, and in the right 
ventricle about 2 feet 7 inches. As 
stated above, the quantity of blood 
expelled from each ventricle is about 
3-|- ounces. On the basis of these 
figures the work of the left heart 
would be equivalent to 1.42 foot- 
pounds, and of the right heart 0.56 
foot-pounds. In addition to forcing 
a certain amount of blood into the 
aorta, the heart also imparts a certain 
velocity to the blood thus thrown out. 
This latter factor, however, is gener- 
ally negligible and can be dis- 
regarded for small outputs. 

In a human being at rest the total 
work of the heart per beat is rough! v 
equivalent to 2 foot-pounds. With 
70 beats per minute the heart per- 
forms a quantity of work equivalent 
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Highly magnified sections of the cardiac muscle fibres (Centre) 
eart is seen laid open, revealing its inner structure. Blood flow 
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Fig. 119. The Jimctioning of the heart, illustrated by that of a frog. At (a) the 
heart has contracted, expelling the blood; at (b) it has dilated, drawing in fresh blood. 
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to 140 fooi-poiii ids per miimte/ mak- 
ing it an engine of 1/240 horse- 
power. Siipposiiig’ an elevator could 
be driven by his heart, an individual 
could ride from the ground floor to 
the liftli storey of a bouse in one 
hour. While the human heart is not 
the most powerful of all motors, in 
its class it is beyond doubt the most 
capable one. For there is certainly 
not another machine with such a 
complex structure and function that 


heart. It would be possi!.>ie to con- 
struct an engine in which not only 
one, but four or even eight hearts 
work together — a four-heart engine 
[Fig. 121]. Such a machine would 
travel about twa) and a hall miles 
in an hour; in one \'ear it could 
travel round the earth. 

The Pulse. When the left xetnricle 
contracts, it ejects a certain (|uantilv 
of blood into the large arterial blood 
vessel, the aorta, which emerges from 


can work uninterruptedly without 
either repairs or overhauling for a 
period of seventy to eighty years. 

At present it is already possible to 
maintain a heart alive outside the 
body for mouths, by suspending it in 
an artificial circulation [Fig 120], 
Care must be taken that the solution 
which supplies the heart with nutri- 
tive materials is renewed regularly 
and freed from the fatigue substances 
that accumulate. Although it has 
not yet been done, it is already 
theoretically possible to construct a 
small engine driven by such a 


it. Since the aorta is already filled 
with blood, its elastic walls are forced 
to expand. During the pause in the 
action of the heart, the waill of the 
aorta contracts, forcing the excess 
blood to proceed along the circula- 
tory system. This alternate expan- 
sion and shrinking, or pulsation, of 
the aorta produces a wave which 
passes along the entire arterial sys- 
tem, diminishing gradually the far- 
ther it travels from the heart, d'his 
pulsation can easily lie recogui/ed in 
any artery that can be felt tlirough 
the skin, and is known to all of us 
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as the pulse. It is generallv felt hv 
plaeing ;i linger un ilie under smi'acc 
of the wrist on the side of the thumb, 
^vhere the radial artery is located 
[Fig. 122]. Since it depends on the 
contraction of the heart, an examina- 
tion of the pulse yields information 
about the heart rate and the state of 
the pressure within the circulatory 
system. The pulse rate depends on 
the lilood requirements of the bodw 
Small bodies lose more heat than 
large ones and consequently require 
a more rapid circulation of the warm- 
ing blood. The pulse rate in small 
birds is almost 200, in cats 130, in 
man 75, in the horse 35, and in an 
animal which is not only large, but 
also thick-skinned, such as tire eie- 
phant, it is only 25. The heart of a 
newborn beats twice as fast as that 
of an adult. The pulse rate is most 
strongly influenced by work. At any 
particular time the normal heart 
pumps enough blood through the 
circulatory system to satisfy the oxy- 
gen requirements of the body. 

The Heart’s Rhythm ' 

Figure 125 shows the dependence 
of the pulse rate on various states 
of the body. In itself it is a matter 
of no importance whether an indi- 
vidual has a pulse of 60 or 80 when 
at rest. It is the functional capacity 
of the heart that is the decisive 
factor. 

Is the Heart an Automobile ? If 
one opens a hen’s egg after twenty-six 
hours of incubation, the mass of cells 
from which the chick’s heart develops 
can be seen beating when viewed with 
a magnifying glass. The heart beats 
before it is even a heart I No one 
should miss seeing this remarkable 
phenomenon, which was discovered 
by Aristotle and has been named 
puncliun saJiens, the “ springing- 



Fig. 120. An isolated heart, removed 
from an animal body, yet still beating, 
because it is supplied with a nutritive 
solution by artificial means. 

point.” If the primitive heart-mass 
is removed from the egg and placed 
in a warm nutritive medium,- the 
ceils continue to grow. If the grow- 
ing heart is cut into six pieces, each 
piece continues to contract for some 
time. Is the heart a self-moving 
apparatus, an automobile? This is 
one of the most intei'esting problems 
of biology, but all we can say is that 
the heart possesses as a physiological 
characteristic an automatic rhythm. 

The Motor of the Heart. It has 
already been stated that the beat of 
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Fig. 121. The human heart develops approximately 11240 horse-power. In theory^ 
it is possible to construct an engine driven by isolated living hearts, artificially nourished. 


the heart takes its origin at the heart-beat to the carbon dioxide con- 

mouths of the great veins in the right tent of the blood. If a muscle func- 

auricle, whence it spreads ov^r the tions somewhere in the body and 

rest of the heart. The beat of the produces carbon dioxide, the carbon 

heart originates in a small but charac- dioxide molecules are carried to the 

teristic mass of cells located near the signal disks of the heart ten seconds 

great veins in the right auricle, and later, increasing the rapidity of the 

known as the sino-auricular node heart-beat. If the muscle stops work- 

[Fig. ^68 (c)]. Another similar mass of ing and the carbon dioxide content 

cells is to be found in the wall separ- of the blood is decreased, the action 

ating the right and left auricles, and of the heart becomes slower — an ex- 

is called the auriculo-ventricular tremely simple and expedient 

node. From this structure a band of arrangement. The heart is a pump 

fibres passes to the walls of the ven- which is automatically regulated by 

tricles [Fig. 268 (d), (e)]. Since the the carbon dioxide content of the 

impulse to contract originates in the circulating fluid, 

sino-auricular node, it is known as The Cardiac Nerves. In order 

the pace-maker of the heart. From that cardiac activity may be adapted 

this point the contractile impulse is to the requirements of the body as 

carried to the other parts of the heart a whole, its automatic mechan ism 

by the system of fibres described must be subject to the central 

above. nervous system. This subjection is 

The Automatic Regulation of effected by means of nerve fibres 

Cardiac Tempo. The rate of the connecting the heart with the central 

heart action is regulated by the car- nervous system. The effect of these 

bon dioxide content of the blood, fibres is either to increase or to 

In the wall of the right auricle there diminish the activity of the heart, 

are “ disk signals " that react to the depending on the needs of the body 

presence of carbon dioxide mole- in a particular situation, 

cules by adjusting the rate of the The most important^ of these 


S\MPAlHETiG AND VAGl>S 


nerves are the toniis nerves that vagus and the sympathetic take their 
regulate the state of tension of the origin lie deep under the cortex oi 
cardiac wall, as well as two antagon- the brain, the seat of conscious voli- 
istic nerves, of which one accelerates tion, and there are no direct connect- 
the action of the heart while the ing fibres between theni. At least 
other inhibits it. The accelerating not in present-dav man. 
nerve is called the sympathetic; the The sensory and motor areas of the 
inhibitory nerve is known as the cerebral cortex occiipv onlv a small 
vagus. All mental excitation is con- part of the entire slrucUire. The 
nected with a stimulation of the 
sympathetic nerve. It is on this 
account that the heart beats more 
rapidly when one is excited. All de- 
pressing events stimulate the vagus, 
thus inhibiting the action of the 
heart, so that it seems to stand still 
because of fear, fright, or sorrow. 

Both nerves can be stimulated at 
various points. By exerting pressure 
on the eyeball, the vagus is stimu- 
lated, and the pulse rate is decreased. 

The vagus can also be stimulated by 
pressure over the vertebral column 
in the neck because it passes down- 
ward more or less parallel to the 
vertebral column. 

But, unlike the vagus, the sym- 
pathetic is not superficially located, 
but runs downward in the deeper 
layers of the neck right alongside the 
bodies of the spinal vertebive into the 
thorax. If there is an enlarged organ 

ill the neck, such as a goitrous thyroid p,G 1 22. Feeling the pulse— not with one 
gland, or a tumour which presses finger, but with the tips of several fingers. 
upon the sympathetic, the rate of the 

heart-beat is increased. The sym- greatest part of the frontal lobes as 
pathetic and vagus have rightly been well as large areas of the parietal and 
described as the whip and the reins temporal lobes are not concerned 
of the heart. In the body the heart with the inimediate reception or 
runs like a horse harnessed to a transmission of nerve impulses, 
wagon. The sympathetic nerve is These areas are richly supplied with 
the wdi ip with which the horse is interconnecting nerve cells and 
driven on; the vagus is the analogue fibres, and are assumed without very 
of the reins with vdiich the horse^ ^ positive proof to be the seat of the 
curbed. association function of the brain. 

An ordinary mortal cannot hi- Each creature has as many associa- 
fluence his heart-beat voluntariiy, tion or connecting fibres as it has ac- 
because the centres from which the quired, either in the course of the 
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ilevclopniciu of its species or during 
its indi\i(iua! iilc. We receive the 
hist ot'i ca i 1 y ae(| iii red connecdiig 
h!)res us an iiilieritunce [■roru our an- 
cesiors; we nuist “ acejuire ” the 
Olliers ourselves in the course of our 
lives. At birth an infant's brain may 
be compared to a clean page as far 
as associative impressions are con- 



Fig. 123. The electrocardiogram records 
the action of the heart. That at ( a) is 
the typical curve produced by a healthy 
heart; at (b) the curve of a diseased heart. 

cerned. The activities which the 
infant exhibits are reliex. As it 
grows, however, sense impressions 
begin to come into the sensory areas 
of the cerebral cortex. In some as yet 
unknown manner these effect 
changes, thus registering more or less 
definitely as memories. After a while 
the child possesses a considerable 
number of such impressions. Wlien 
in the child’s mincl these independ- 
ent impressions are connected to 
form a whole, we speak of an act of 
association. 

Such acts of association are sup- 
posed to be carried on within the 
association areas of the cerebral cor 
tex by means of the connecting or 


association libres. I lie increase in 
inteilectuai power accompaii) ing (lie 
growth of an individual is not due 
to any increase in the niinii)er (>1 
nerve cells, for the child is liorn wiih 
his full number. It is based, instead, 
upon their continuous developjuent, 
consisting chiefly in more and inore 
branching, with correspondingU 
richer connections. 

Controlling the Heart 

The association areas in the corlex 
reacli their highest |)oint of de- 
velopment at about the tliirty-liftii 
year, when the paths of association 
have been laid down. Ihis does not 
mean, however, that all jiossiblc 
associations have been formed, dhev 
continue to be formed so long as the 
brain continues active. Repetition 
of similar impressions in the course 
of individual experience strengthens 
such associations until functional re- 
lations are established between cer- 
tain activities and psychological 
states. This is what is meant when 
we say an individual learns some- 
thing. However, just as he leaiais to 
read, write, calculate, or play the 
violin, he can also learn to contiol 
his heart. Among many other things, 
the fakirs of India also practise to 
contrdk the action of the heart, and 
learn to do this to such a degree that 
they can bring the heart to a stand- 
still of their owm volitio]). 

Simulating Death 

Occasionally this ability is likewise 
present in individuals who arc not 
Indian ascetics. While lecturing, liie 
physiologist, Weber, demonstrated 
this experiment to his students. On 
one occasion he carried it so far that 
he fainted. In the presence of a mnti- 
ber of physicians, among whom was 
the famous Cheyne, Colonel Towms- 
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end, an Englisiimaii;, lay down on 
die groiiiid, let liis heart stand still, 
and continued to lie as pulseless as 
a corpse for a half-hour, so that those 
present believed he had died. Just 
as they were about to leave the sup- 
posedly dead iriait, his pulse-beat and 
respiration returned. A celebrated 
Egyptian physician and fakir, Tahra 
iky, could not only increase his 
heart rate to 180, but also raise his 
body temperature to uo“ at the 
same time. 

The Heart Sounds. At night on 
going to bed lie flat on your back. 
You will then hear the beating of the 
heari. Two sounds can be distin- 


attentioii to the riiy thin, character, 
and distribution of the heart sounds. 
This is a difiiciilt art, which can only 
be acquired as a result of a great deal 
of practice. 

The Electrocardiogram. Like ever) 
other muscle, the heart in conlract- 
ing gives rise to an electrical “action" 
current, tvhich can be led oil anti 
transferred to a strip of him [Fig. 

(a) and (b)]. The curve thus ob- 
tained is called an elect rocardiogram. 
On the basis of this electrocardio- 
gram the condition of the heart can 
be determined with great precision. 
If the auricles are overburdened 
peak 1 is heightened: if the vcntric- 




Fig. 124. The death of the human heart, revealed by electrocardiogram. At (a) 
irregular fluctuation, typical of fever, replaces normal rhythm; (b) shows the final 
collapse of a tired heart. When the heart-beats cease, the graph becomes a straight Unc. 



guished: the first is low-pitched, 
^strong, and prolonged; the second is 

higher pitch, shorter, and sharper 
ih character. The sounds may be 
compared to syllables: labb, dup . . . 
lubb, dup. . . . The first sound is a 
muscle tone, probably caused by the 
vibrations set up by ihe contraction 
of the thick muscular wall of the 
ventricle; the second sound is due 
to the closure of the semi-liuiai- 
valves. 

Just as an engineer can estimate 
the condition of a machine at a par- 
ticular time by the sounds which it 
produces wlien in aclion, similarly an 
experienced physician can obtain 
important information regarding the 
condition of the heart by paying close 


les are encumbered peak is higher: 
when the heart muscle is diseased, 
peak 3 may he broadened, and so on. 
Figure iii4 shows the clectrocardio 
grams of two dying hearts. Heart (a) 
is the type of heart that “ jides itself 
to death,” as in febrile diseases. The 
tracing reproduces the moment at 
which normal cardiac activity ceases. 
J’hc first part of the tracing exhibits 
a certain lack of clarity, but is still 
essentially normal. Then the normal 
rhythmic functioning of the heart 
disappears and is replaced by an en- 
tirely irregular fibrillation with ^>40 
beats per minute. This heart 
resembles a horse which runs awa) , 
racing madly, until it collapses and 
dies in convulsions. Heart (b) is the 
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Fig. 125 . Here six forms of human activity are represented, while above are graphs 
of the resulting pulse rates associated with three characteristic types of heart (a,b and c). 
The healthy heart (a) adapts itself to the varying demands made upon it, and the pulse 
rate returns speedily to normal. The graph of the nervous heart (b) exhibits wide 
fluctuations at all times, even during sleep, while the pulse rate of a diseased heart 
(c) is constantly higher than normal, even in the absence of all bodily exertion. 


type of heart, which grows weary 
without “ revolting.” The heart 
action simply becomes weaker, the 
peaks of the electrocardiogram be- 
come lower and blunter, and the in- 
tervals between beats grow longer. 
Filially the last beat is followed by 
the straight line indicating the com- 
plete standstill which leads to 
eternity. 

The Nervous Heart. The nervous 
heart is a heart which is organically 
healthy but reacts pathologically to 
nervous stimuli. An individual with 
a nervous heart may perhaps suffer 
more than a person with a serious 
degeneration of the cardiac muscle, 
but his heart is not sick; it is Mmply 


“ nervous.” A sick heart is like a 
motor car willi a dei’ectivc motor. 
A nervous heart resembles a motor 
car vsdth an excited chauffeur. The 
car is in good shape, but it is iiol 
driven well. The pulse curves of 
three hearts have been superimposed 
in Figure 125. The healthy hearl 
(a) adapts itself to the reejuired tasks 
by an appropriate increase of the 
pulse rate and returns rapidly to its 
normal level. The pulse rate of the 
sick heart (c) is constantly increased, 
even during sleep I Exertion does 
not increase its pulse rate by ijo beats, 
as in the normal heart, but by 40, 
and it recovers slowly. The curve 
of the nervous heart (b) fluctuates 



lUW rUE MIN!) AFFECTS I’HE HEART 


paliioiogicaiiy — even when at i'esi ! 
Exertion causes tlie |)iilse rate to in- 
crease \eiy ra})idiy and to return to 
its normal lexel with extreme 
rapidity. These steep peaks are al- 
ready indicative of nervous and not 
organic disturbances. However, the 
curve obtained during sleep is de- 
cisive. The curve of the sick heart 
remains at a high level even during 
sleep. The curve of the nervous 
heart returns to the level of the nor- 
mal heart when all external and in- 
ternal nervous stimuli are excluded, 
but nevertheless continues to fluctu- 
ate restlessly. The fall of the pulse 
rate during sleep is a definite symp- 
tom of the nervous nature of a heart 
malady. 

Cardiac Neurosis 

A large number of those people 
with so-called heart trouble ’’ really 
have no disease of the heart, but are 
—■sick of life. In an overwhelming 
number of cases a cardiac neurosis 
is the expression of some emotional 
disturbance. The wide variety of 
individuals affected with cardiac 
neuroses is astonishing. The patient 
may be a young girl with a prettier 
younger sister, an official who is not 
receiving the promotion he believes 
due to him, or a typist envious 
of the beautiful women in the 
motion picture magazines. Cardiac 
neuroses are also met with among 


the numerous individuals a Heeled by 
tin foil unale experien<;c‘s during 
childhood, cither at home or iu 
school, among those affected hv some 
form of fear— fear of failure in pro- 
fessional or lousiness life, fear of los- 
ing a job, business losses, disease, 
age, etc. — as well as among women 
who are unsatisfied or have been dis- 
illusioned in their sex life or personal 
ambition. The affected individuals 
need not even be conscious of these 
internal dissatisfactions and fears. 

Treatment of Neurosis 

Indeed, it is those people who 
are not conscious of them andAvould 
emphatically deny such motivations 
into some dark corner of whose 
hearts have crept fear, ambition, and 
the desire to be interesting, there to 
carry on their gnawing activities. 

This neurosis is not a disease, hut 
an affliction. No one dies of a cardiac 
neurosis, but the afflicted individual 
continues to suffer until the hidden 
cause is removed, or until old age 
comes to remove the affliction to- 
gether with the desires and passions 
that cause it. Medicaments are of 
little avail; much more efficacious is 
treatment by a physician who knows 
human nature, and how to guide the 
actions of human beings along the 
inght channels. To be sure, this type 
of treatment is more difficult than 
the routine prescribing of sedatives. 





HOW FAST DOES OUR BLOOD FLOW? 

Fig. 126. Blood traverses the heart in seconds, the lesser circulation in 5 seconds, 
It goes from heart to brain and back again Jn 8, to the foot and back in 18, seconds. 


CHAPI'ER XI 


The Blood Vessels 

THE STRUCTURE OF THE ARTERIES. THE CAPILLARIES. VASCULAR 
NEUROSIS. THE VEINS. VARICOSE VEINS. THE VASOMOTOR NERVES. 
VASOMOTOR TONUS AND CEREBRAL ACTIVITY. SHOCK. KNOCKOUT. 
BLOOD-PRESSURE. HARDENING OF THE ARTERIES. 


T he vessels through which the 
blood is pumped out of the 
heart to all parts of the body are 
known as arteries. They must with- 
stand the powerful pressure of the 
blood, and consequently have an ex- 
tremely strong wall. The large ves- 
sels close to the heart can withstand 
a pressure of 20 atmospheres! Essen- 
tially an artery is a muscle tube, con- 
sisting of fibre bundles disposed cir- 
cularly round the vessel [Fig. 127 (a)]. 

Elastic Fibres 

lliese muscle fibres are re- 
inforced with alternate layers of con- 
nective tissue (b). In the larger 
arteries elastic fibres unite to form 
layers (c and d) which alternate with 
the muscle fibres. These layers are 
connected with one another by 
means of elastic fibres which pass 
between the muscle bundles. The 
elastic tissue is particularly abund- 
ant towards the outer and inner sur- 
faces of the vessel, where it is 
described as forming special layers 
that pull the artery together like taut 
rubber bands. In order to prevent 
the blood from rubbing against the 
folds on its inner surface, the inside 
of the tube is covered with a layer of 
flat cells (e). The outer surface of the 
artery is covered by loose connective 
tissue (f), which cushions the impact 
of the forward, projectile motion ol 


the pulse. Small accessory blood and 
hmph-vesseis (g), which suppi)' the 
cells of the arterial wall with nutrient 
materials, pass through this padding. 
Each artery has its private arteries, 
the “ vasa vasorum.'’ In addition, 
the arterial wall is pientifiiliy sup- 
plied with an intricate system of 
nerves that regulate the width of the 
vessel [Fig. 130]. An artery is not an 
inanimate object like a rubber tul>e, 
but an organ which participates 
actively in the life of the body, and 
whose function is of fateful signifi- 
cance for the activity and well-being 
of the body. 

The Capillaries. In their course 
through the body away from the 
heart the arteries undergo extensive 
ramification, terminating in minute 
vessels. The functional principle 
underlying this system of ramifica- 
tion may be stated as follows : When 
an artery divides, the combined area 
of its branches is greater than that 
of the trunk from which they arise 
in the first place. 

Hair-like Vessels 

The farther it proceeds from the 
heart, the wider is the channel of the 
arterial system and the broader the 
blood-stream, so that the rate of flow 
becomes proportionately slower. At 
the same time the blood-pressure 
falls, and the arterial wail becomes 
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ihiuncr. Hie minutest branches are 
liair-like vessels called capillaries. 
They are fifty times thinner than the 
thinnest human hair. The average 
diameter of a capillary vessel is about 
1 / 3,000 inch, so that the blood cor- 
puscles iisually pass through it in 
single file. About seven hundred 
capillaries could be packed into the 
space occupied by the shaft of a pin. 
The number of blood vessels in the 
body is immeasurable and surpasses 
any power of imagination. On ex- 
amining his first preparations, the 
Dutchman, van Hoorne, who had in- 
vented a method of rendering the 
blood vessels visible by injecting 
diem with a red substance, was so 
amazed that he exclaimed : The 
body consists only of blood vessels! ” 
But at most he saw only about one 
quarter of the blood vessels actually 
present in the body [Fig. is8], Peter 
the Great, then visiting Holland to 
acquire the culture of the West for 
his Eastern empire, was so delighted 
with these specimens that he bought 
them. On their arrival in Russia, 
however, they were found to be 
spoiled; during the journey the 
sailors had consumed the alcohol in 
which the specimens were preserved. 

Vital Second 

As the vascular system becomes 
more capacious from the large 
arterial vessels to the capillaries, the 
rate of flow in it becomes proportion- 
ately slower, until it reaches a mini- 
mum in the capillaries. Each capil- 
lary is about 1/50 of an inch long. 
If all the capillaries in the human 
body were placed end to end we 
would have a tu])c passing four times 
around tlie eardi! While passing 
around the body, a cjuantity of 
blood lakes about one second 
to flow through the i/50-mch 


capillary. During this second when 
it passes through the capillary the 
blood performs its nutritive and 
metabolic function. The blood does 
not leave the blood vessel, however. 
It flows within the closed circulator)' 
system; but the wall of the capillary 
is extremely thin, consisting of only 
a single layer of cells. Through this 
wall the blood gives up its oxygen 
to the surrounding tissues and re- 
ceives their carbon dioxide. At the 
same time other nutritive substances 
also pass from the blood to the 
tissues, while waste products are re- 
ceived by the blood-stream. With 
this the blood has fulfilled its func- 
tion and returns to the heart. 

Two Circulations 

A capillary generally forms a loop 
uniting with adjoining capillaries 
to form vessels of greater diameter. 
These vascular tubes, or veins, bring 
the blood back to the heart [Fig. 126]. 
The blood is carried away from the 
heart by the arteries and distributed 
throughout the body. It is most 
widely distributed in the capillaries, 
whence it is returned to the heart 
by way of the veins. Attached to the 
greater or systemic circulation, which 
carries the blood throughout the 
body, is the lesser circulation, which 
transports the blood through the 
lungs. The blood vessels also ramify 
in the lungs until they form capil- 
laries through whose walls the ex- 
change of the respiratory gases takes 
place. This exchange occupies ap- 
proximately 1 second. The entire 
circulation of the blood takes place 
with astonishing rapidity [Fig. 156]. 
The time taken by a portion of the 
blood to pass through tlie heart: is 
about 1.5 seconds, through the lesser 
circulation (hean-lungdiearl) about 
5 to 7 seconds. The time required 
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Fig. 127. The larger drawing above shows the structure of the arterial wall The 
strength and elasticity of this complex muscular organ are vitally important for our lije 
and health. At lower left can be seen the more simply constructed wall of a vein. 

Hows from the aorta into the cardiac 
arteries and passes through the sub- 
stance of the heart. This short trip 
is made very rapidly, in 3 to 4. seconds, 
in Blood flowing to the brain returns 
in 8 seconds. Blood passing through 
the trunk and the legs to the toes re- 
quires 18 seconds for the double trip. 
The time required for the blood to 


tor passage tnrougn cne gicaici 
culation depends on the path taken 
by the portion of the blood. The cir- 
culatory system is made up of a large 
number of vessels varying widely ’ 
length so that the actual time taken 
by a drop of blood varies greatly. 
Each time it may take a diflerent 
path. One twentieth of' the blood 



the blood vessels 
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circulale through the entire body— 
that is, the greater and lesser circula- 
tions (heart-lung-heart-body-heart) — 
is about S3 seconds. If the number 
of heart-beats and the pulse rate are 
increased under the influence of fever 


skin changes rapidly; they blush at 
the slightest cornpliincnt or criticism. 
They sneeze in the slightest draught, 
suffer from migTaine (contraction of 
the cerebral capillaries) when the 
weather changes, and have frequent 



Fig. 128. ‘‘'The body is composed of blood vessels T declared the Dutch physiologist 
van Hoorne in 1690. Here^ greatly magnified^ are seen the blood vessels contained in a 
minute section of the stomach wall. The entire body is permeated with blood vessels in 
this fashion. Their total number is beyond calculation. 


or work, the blood flows twice as fast. 
In the course of a day a blood cell 
makes about 3,000 round daps 
through the circulation. 

Vascular Neurosis. There is a class 
of individuals who are described as 
vaso-neurotic, meaning that they 
have nervous blood vessels. Their 
capillaries react too violently to 
stimuli, like the heart in people with 
cardiac neuroses. The colour of their 


colds. They have frecpient attacks of 
diarrhoea and abdominal crani})s, 
and have an extremely delicate sk in . 
If the skin on the back or chest of 
such an individual is stroked wuth a 
fingernail a red streak appears which 
remains evident for several m inutes. 
In some subjects a definite weal re- 
sults at such points, owing to the 
abnormal nervous state of their 
capillaries, which dilate too readily. 


VARICOSE VEINS 


The Veins. In the veins, which 
carry the blood back to the heart, 
there is a constant decrease of pres- 
sure as the blood flows from the peri- 
phery of the body to the heart. The 
pressure in the great veins near the 
heart is generally negative owing to 
the aspiration of the thorax. During 
inspii'ation this diminished pressure 
is still further decreased. In conse- 
quence the veins are thin-walled. 

One-way Track 

To prevent blood in the veins 
from flowing away from the heart un- 
der the influence of gravity, valves 
are placed in these vessels which 
allow the passage of blood only to- 
wards the heart. Fig. 157 (Left) shows 
the structure of the wall of a vein. 

Varicose Veins. The superficial 
veins of the lower extremities bear a 
heavier burden than any other veins 
in the body, because they carry a long 
and heavy column of blood extend- 
ing almost perpendiculary from the 
sole of the foot to the heart. In per- 
sons with weak connective tissue the 
valves and the walls of the super- 
ficial veins yield to this pressure, the 
valves become incompetent, the 
blood ceases to flow toward the heart 
and stagnates in the veins. Indeed, 
it may even flow in a retrograde direc- 
tion. The veins are transformed 
into sinuous, nodular tubes with 
wide sacculatioiis and are known as 
varicose veins. When the blood stag- 
nates the circulation is impaired, the 
surrounding tissues are damaged by 
the waste products that collect in the 
area, the skin above the veins begins 
to itch, becomes discoloured, and 
often breaks down so that ulcers arc 
produced. 

The best remedy against varicose 
veins is prevention. Anyone who has 
weak connective tissue should not 


liil ' 

choose an occupation In which he 
must be on his feet continuously for 
hours. He should not become a 
baker, tram-driver, conductor, post- 
man, or laundry worker. If early 
signs of varicose veins appear, the 
connective tissue and muscle fibres of 
the skin and blood vessels should be 
strengthened by means of gymnastic 
exercises. The foot end of the bed 
is raised and the individual lifts a 
ten-pound weight with his affected 
leg; later the weight is increased to 
as much as thirty pounds. At night 
the foot end of the bed should remain 
slightly raised. If the skin appears 
to be damaged, a physician should 
be consulted as soon as possible. 
Some cases can be helped by means 
of elastic bandages: in others it is 
necessary to inject the \ eins, or to re- 
move them surgically. Onh a ])hysi- 
cian can decide what steps must be 
taken in a particular case. 

Reguiatiug Blood-flow 

The Vasomotor Nerves. All (he 
blood vessels of the body are supplied 
with an intricate network of ner\’es, 
known as the vasomotor nerves be- 
cause they govern the contraction 
and dilatation of the blood vessels 
[Fig. 130]. Each muscle fibre of a 
vascular wall is connected to the 
nervous system. Although the capil- 
laries are also abundantly supplied 
with nerve fibres, they are to a large 
extent independently coiuractilc; 
but they contract and relax in har- 
mony with the rest of the vascular 
system. 

In the arteries the muscle fibres 
are in a state of tonic contraction. It 
is the function of the vasomotor 
nerves to increase or decrease this 
tonus. Since the body has just 
sufficient blood to supply its 
needs, this vasomotor mechanism 
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iTirnisiies a means whereby organs or 
regions of the body can be supplied 
with greater or lesser quantities of 
f)lood as their activities require. The 
blood vessels of the body resemble 
the streets of a city. They are always 
present, but they are by no means 
always filled with people. Like the 
majority of streets, most of the blood 
vessels, too, are generally only partly 
filled. An ingenious system of 
locks takes care of the opening and 
dilatation of the vessels. It has been 
calculated that at any particular time 
approximately only one tenth of the 
\ ascular bed present in the body is 
opened to the blood-stream. 

Vasomotor Tonus and Cerebral 
Activity. After a heavy meal the 
greater part of the blood flows to the 
digestive organs in the abdomen. 
The brain becomes anaemic— -and as 
a result the individual becomes 
sleepy. Pleniis venter nmi studet 
libenter ! — a full stomach does not 
like to study. Similarly, the muscles 
also receive less blood. Thus when 
an organ or group of organs is at 
work the tonus of the blood vessels is 
decreased and they become dilated. 

When Bathing is Unwise 

Meanwhile, all other blood ves- 
sels ai'e relatively contracted. Such 
arrangements regulate the distribu- 
tion of the blood to the various parts 
of the body. The work of regulation 
is performed by the constricting and 
dilating vasomotor nerves under the 
control of two centres in the medulla 
oblongata of the brain. 

In view of these facts it can easily 
be seen why one should not go swim- 
ming or take a hot bath after a heavy 
meal. In swimming the skin and the 
muscles need all the blood they can 
get. If the abdominal organs require 
a large quantity of blood at the same 


time, there wdll not be enough to 
supply the needs of the heart, lungs, 
and brain, and the individual will 
faint. Similarly, a hot bath dilates 
the vessels of the skin, so that the 
heart has not enough blood and 
energy to supply two such large areas 
as the skin and the abdominal organs 
with blood at the same time. 

Demand and Supply 

Normally the vasomotor nerves 
regulate the distribution of the blood 
in the body very well. By means 
of a changing arrangement of the 
locks, each organ receives as much 
blood as it needs. The vasoniotor 
centre, located in the brain, is con- 
nected with the other cerebral cen- 
tres, and automatically functions in 
conjunction with them. Look at 
Figure 131. Is 12 x 13 actually 156? 
VVe verify it by mental calculation. 
At the same moment when we begin 
to calculate, the blood begins to flow 
faster through the cerebral vessels, 
and flows from the abdominal area 
to the brain. Now let us look at the 
lemon in Figure 131 and imagine 
that we have to bite into it. At this 
thought our digestive glands begin 
to manufacture a secretion to dilute 
the sour lemon juice that will soon 
enter the stomach. The ves.sels of 
the salivary glands, stomach, liver, 
and pancreas all dilate and become 
filled with blood. If the body is 
overheated, the vasomotor nerves 
open the blood vessels of the skin , 
-and we become red and perspire in 
order to give off heat. 

Shock. If the tension of the capil- 
lary walls is decreased, leading to a 
dilatation of the capillaries and a 
stagnation of the blood in these ves- 
sels, the affected individual goes into 
a state of collapse known as shock. 
This condition is found especially 
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after se\’ere tissue laceration, in par- 
U(’ular of: the inuscles. As a result 
of (be (lifatatiou of the capillaries 
their wails become permeable, caus- 
ing a constant leak of blood fluid 
from the general circulation into the 
surrounding tissues. Consequently 
there is an ever-lessening volume of 
blood in circulation and a continu- 
ally increasing fall of blood-pressure. 
The circulation becomes inadequate, 
so that the heart, lungs, and brain 
are insufficiently supplied with 
blood. In treating such a condition 
the physician endeavours to restore 
the circulation. 

Shock from Poisons 

It has been suggested that the 
cause of shock is the liberation by 
the lacerated tissues of a substance 
known as histamine. It is known 
that this substance is a capillary 
dilator, and when injected into the 
circulation produces effects closely 
resembling those observed when 
shock supervenes as a consequence 
of tissue-destruction. 

The vasomotor control of the 
blood-supply may also be affected by 
various poisons. Vasomotor collapse 
occurs in the course of severe eases 
of infectious disease, mushroom 
]joisoning\ and snake-bite. In these 
cases the vasomotor centre of the 
brain is paralysed by the poisons. A 
form of vasomotor collapse well 
known to all of us is the knockout 
in boxing. 

Knockout. If a boxer is struck by 
a powerful blow to the jaw, his head 
is snapped back and his jaw is pressed 
against the med^la oblongata, situ- 
ated where the brain passes into the 
spinal cord at the top of the neck. 
The centre for the vascular nerves is 
located there. This sudden shock in- 
hibits the function of the vasomotor 


centre, the alxlominal blood vessels 
dilate, the blood from the heart, 
lungs, and brain flows into the ab- 
dominal area, and the boxer falls un- 
conscious to the floor. The same 
efl'ect is obtained by a blow against 
the solar plexus, the “ peripheral 
switchboard ” of the vascular nerves 
within the abdomen. This may occur 
when a blow is struck at the level of 
the stomach. The stomach is a hol- 
low ball filled with air. When struck 
it may burst, but this is rarely the 
case, since a boxer generally enters 
the ring with an empty stomach. Be- 
hind the stomach lies the solar 
plexus, the centre for the vascular 
nerves of the abdomen. The plexus 
is paralysed by the blow. There is 
a general dilatation of all the ab- 
dominal blood vessels, and a result- 
ant fall in blood-pressure. The heart, 
lungs, and brain become amemic, the 
cerebral circulation is decreased to 
such an extent that consciousness can 
no longer be maintained, and the in- 
dividual collapses like a rag doll. 
The ill-effect of such a blow may 
persist so long that the individual 
remains unconscious until the heart 
simply stops beating owing to a lack 
of blood, and the victim dies. 

A Blow on the Neck 

In the neck the vagus and tlie 
sympathetic pass downwards close to 
the spinal column, where they form 
the carotid plexus. If this plexus 
is struck by a blow, the action of the 
heart is inhibited and the affected 
person falls down unconscious. 

BloochPressure. For clinical pur- 
poses it is often important to deter- 
mine, even if only approxiiiuuelv, 
the arterial blood-pressure in nuin. 
To do this the upper arm is enclosed 
in a hollow cuff of rubber which is 
inflated so tliat it exerts an equal 
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pressure on all sides of the arin. Air 
is forced into the cuff until the 
brachial pulse in the elbow disap- 
pears. The pressure is deterniined 
by means of a manometer attached 
to the cuff [Fig. mg ( 7 )]. This pres- 
sure is known as the blood-pressure. 
Since the vascular walls, like all other 
tissues, become harder in the course 
of life, a constantly greater force be- 
comes necessary to compress them; 
the blood-pressure — that is, the re- 
sistance of the arterial wall — 
increases. 

It is useless for the layman to pay 
any unnecessary attention to his 
blood-pressure. High blood-pressure is 
like baldness — some unlucky people 
get it and others do not. There are 
families in which the members have 
a tendency to high blood-pressure. 
If one belongs to such a family, the 
chances that one will develop hyper- 
tension are greater. Slight devia- 
tions from the normal blood-pressure 
level at a particular age are of little 
significance. As long as there is no 
pathological increase, the blood-pres- 
sure furnishes no standard by which 
to estimate the physical ability of an 
individual or his probable length of 
life. However, an individual with a 
pathoiogicaily high blood-pressure is 
like one who is excessively over- 
weight; such a person is functionally 
less capable and in greater danger 
than a normal one. Effective reme- 
dies against high blood-pressure have 
not yet been found. The best avail- 
able at present is a healthy mode of 
life, which should begin while one 
is still young, and not when the 
blood-pressure is already patho- 
logically high. 

Hardening of the Arteries. For the 
most ]rdY\ the blood xessel (a) in 
Figure li^g is healtliy. Its wall is 
smooth, round in cross-section, and 


it carries ounces of blood per min- 
ute to a certain area of the body. In 
the course of years patches may ap- 
pear on the internal surface of this 
blood vessel. The previously cleat 
cells become cloudy, swell, and die, 
giving rise to an ulcer of the inner 
wall of the vessel (x). These patchv 



Fig. 130. A network of vasomotornerves 
surrounds the vascular wall When stimu- 
lated^ these nerves cause the blood vessels 
to contract, thus raising the blood-pressure. 

ulcers are the actual disease. All fur- 
ther phenomena are protective 
measures against the formation of 
ulcers, and processes to heal those 
already present. Just as cracks in a 
ceiling or house wall are repaired by 
plastering them, similarly in the 
body cohnective-tissuc cells wander 
into ail places where injuries occur 



Fig, 131. How the vasomotor mechanism regulates the distribution of the blood. 
During mental activity the flow of blood to the brain is increased. Eating results in a 
greater supply of blood to the digestive apparatus. 


ill order to replace the damaged wardly and inwardly. The vascular 
tissues. It is for this reason that tube becomes harder and narrower 
areas in the body where scars occur (b). In consequence the quantity of 
become thickened. All scars are con- blood flowing through the blood 
nective-tissue formations for the pro- vessel per minute is decreased. In- 
tection and repair of injured tissues, stead of 3-^ ounces, only ounces 
In order to protect the blood vessel pass through in one minute. The 
against a possible rupture at the organ concerned — for example, the 
ulcerated area, connective tissue kidney'— is poorly supplied tv-itli 
grows among the muscle fibres and blood, resulting in a contracted kid- 
thickens the vascular wall both out- ney (8). Similarly, a heart or brain 
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with an impaired Girciilation mav 
also suffer. Tire bra in (1 -3), the heart 
(4-6), and tlie kidneys (8) are the 
organs wlicic degeneration bf the 
arterial Aral! iiiakes its earliest ap- 
pearance and where its effects are 
most marked. The narrowing of the 
vascular tubes creates a greater re* 
sistance for the circulation; the heart 
must perform more work and coiise* 
qiientiy increases in size (cardiac hy- 
pertrophy) (5). In order to force the 
blood through the narrowed tubes, 
the tension of the blood vessels is in- 
creased (high blood- pressure) (7). As 
a result of these various changes the 
arterial wall becomes hardened 
(sclerosed), and finally, as a result of 
calcium deposition, calcified. This 
is what is meant by hardening of the 
arteries, or arterio-sclerosis. It is not 
the beginning, but rather the end 
of the disease process; it is not the 
cause but the consequence of vascu- 
lar degeneration. 

Obstruction 

The calcium is first deposited in 
the form of microscopically small 
p'ranules that combine to form 

o 

plaques (c), and in extreme cases the 
entire vascular wall may become 
cemented with calcium (d). These 
calcium deposits irritate the tissues, 
leading to the further growth and 
spread of connective tissue so that a 
blood vessel often becomes com- 
pletely occluded. Since the channel 
within which it flows is no longer 
smooth, the blood stagnates in pock- 
ets formed by the ulcerations and cal-, 
cium deposits of the vascular wall, 


and forms the above-described blood 
clots or thrombi (1), whit h ma\ block 
die vessel. If the clots ]>reak an ay 
from the ’ivall, they are carried off 1)\ 
the blood-stream aiui may ]>ecomc 
impacted in the vessels of the heart, 
lungs, or brain as emboli (3). If these 
emboli are large enough to cut off 
from their blood-suppiv organs essen- 
tial to life, such as the heart, lungs, 
or brain, the patient dies at once. 

Breaches of the Wall 

Rupture of the vascular wall is 
equally frequent. Breaks in the walls 
of smaller vessels are of little signifi- 
cance. Traces of such acGidents are 
found in the organs of every aged 
body. Extremely serious are ruptures 
of the larger arteries, either those 
near the heart (4), or the coronary 
vessels that nourish the heart (6), or 
the cerebral vessels (2). Rupture of 
the cardiac arteries results in sudden 
death by heart failure; rupture of the 
cerebral arteries produces an attack 
of apoplexy or, as it is more com- 
monly known, a stroke. Since the 
blood vessels tend to contract spasti- 
cally and to rupture when an in- 
dividual is under great emotional 
stress and his blood-pressure is raised, 
people are often attacked by a stroke 
in the midst of exciting activities. 
An aged actor dies in the midst of 
a farewell performance; a visitor to 
a racecourse collapses at the finish of 
a close race; or a man, ripe in years, 
who is celebrating his jubilee, falls 
dead at the festive board where he 
has just listened to many wishes for 
a lengthy and untroubled existence. 
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The Blood 

SEA WATETR. TN OUR BODIES. BLOOD AND LYMPH. THE BONE-MARROML 
THE BI.OOD CELLS. THE BI.OOD PIGMENT. ANLEMIA. CHLOROSIS. 
RED BLOOD AND GREEN LEA\T^S. BI.OOD PLATELETS. COAGULATION. 
H/EMOPHHTA. LOSS OF BLOOD. BLOOD TRANSFUSION. BLOOD GROUPS. 


I F a iiiiman being were squeezed 
out like a lemon, no less than 
1 1 gallons of water would be ob- 
tained. The human body contains 
on the average about 6o per cent 
water! [Fig. 133]. This is no ordinary 
water, but — sea water! It contains 
the same salts that are dissolved in 
the ocean, and almost in the same 
proportions: about 80 per cent 
sodium, 4 per cent calcium, and 4 
per cent potassium. Blood, how- 
ever, has only 5 per cent magnesium, 
while sea water has 10 per cent. This 
situation is naturally not accidental. 
Life originated in the sea, and by far 
the greatest part of the earth’s early 
history is exclusively one of sea life. 

Ingenious Theory 

To account for the difference 
between the salt concentration in the 
blood of vertebrates and in sea water, 
Macallum, who, in 1903, discussed 
the theory that life originated in the 
sea, suggested that during the early 
Cambrian period, when terrestrial 
animal life is believed to have arisen, 
the composition of the ocean was 
quite different from that found at 
present. According to Macallum’s 
idea, the salt concentrations found 
in vertebrate blood today reflect the 
concentrations prevailing in the sea 
water during the geological era in 
which the ancestors of modern animal 


forms emerged from the sea and took 
to the land. Thus it has come about 
that while we walk on dry land a large 
part of our body consists of sea water. 
If one pricks a finger and instinct- 
ively places it in one’s mouth, it is 
evident that the blood has a salty 
taste. Tears are likewise salty; the 
urine also has a high salt content, so 
that after evaporating it leaves a 
crusted residue of salts. 

Tropical Sea Life 

The body fluids are not cold, but 
have a temperature of 104° Fahren- 
heit. If they were permitted to flow 
out of a human body, they would fill 
a fairly large aquarium in which 
tropical sea life could exist. The cells 
of the human body are tropical sea 
animals, living in a tropical ocean 
with a temperature of 104'^ Fahren- 
heit and a salt content of 1 per cent. 
If we could descend into the interior 
of the human body and examine the 
life of the cells with a microscope, we 
should be looking at the depths of a 
tropical ocean and observing the life 
and activities of extremely tiny 
aquatic animals which in their 
totality make up our body. 

Blood anH Lymph. The human 
body is not an aquarium in which 
the sea water stands still; instead, the 
fluid circulates within the body. 
Part of the body fluid, approximately 
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one ffaiion, is 
vessels [Fig. iM (01 
dilating by the pmnping heart. 1. he 
blood water oo/es out through the 
walls of the inimitest vessels, the 
capillaries, and flows among the cells 
as tissue fluid so that all the cells o( 
the human body are bathed by a 
constant stream. Since it contains 
no red blood cells and consequently 
no longer has a red colour, the fluid 
which oozes out of the blood vessels 
is known as lymph or “ body water 
(II). After the lymph has bathed the 
cells, it collects in special tubes, the 
lymph vessels. These unite to form 
lymph trunks that empty into 
vascular system near the heart (111). 
Thus the human body has not only 
a blood circulation but also a lymph 

circulation. , . i 

Part of the lymph is not derncti 
from the blood vessels, but from the 
intestine. From the small intestine 
some of the products of digestion 
are absorbed into the lymphatic sys- 
tem by way of certain vessels known 
as the lacleals. Materials carried by 
the lacteal vessels empty into the 


jr cent water, containing sod 
i4g), in roughly similar propor 
(Left) human blood; (Right) 
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main h nipii triuik, the ihoracic duct 
(III). In the course of its path 
through the lymph vessels, the lymph 
passes through the lymph giaiids, 
where the leucocytes, or white blood 
ceils, are born. These latter, indi- 
cated as black dots in the diagram, 
flow into the blood with the lymph 
so that in addition to the red blood 
cells the blood also contains leuco- 
cytes of various types. 

The Bone-Marroiv, The birth- 
place of the blood cells and leuco- 
cytes is the bone-marrow. If one ex- 
amines an opened bone, the reddish- 
grey, spongy marrow is seen in the 
cavity of the bone [Fig. i3'5]. When 
this tissue is examined under the 
microscope, it is found to consist of 
a network of blood vessels and con- 
nective-tissue fibres, between which 
lie innumerable cells (i). The mar- 
row cell is the progenitor of the blood 
cells and various kinds of leucocytes. 

The Blood Cells. In its youth, as 
long as it still lives in the bone-mar- 
row, the blood cell is a genuine cell 
with a nucleus and nucleolus. Ex- 
amination of a youthful blood cell 
reveals that it possesses a complex 
structure (s). However, before it 
leaves the bone-marrow for the blood- 
stream, it loses the nucleus. The ripe 
blood cell is no longer a complete 
cell. It is no longer a living struc- 
ture in the ordinary sense, but simply 
a mechanical apparatus, a protoplas- 
matic balloon filled with a pigment, 
which has no function except to com- 
bine with oxygen in the lungs accord- 
ing to the physical laws governing 
the combination and absorption of 
gases under pressure, and to ex- 
change the oxygen for carbon dioxide 
in the tissues. The mature blood 
cell as seen in the blood vessels or in 
a drop of blood is a circular disk, 
depressed in the centre and lacking 
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a nucleus (3). If a linger is pricked 
and the resiiking drop of blood ex- 
amined with a microscope, one sees 
a picture %diich makes anyone view- 



Fig. 134. The circulation oj the body 
fluid. A part of the fluid circulates in 
the vessels as blood ( 1 ). Fluid passes 
continually from the blood through the 
finest vessels (capillaries) into the tissues, 
and as tissue fluid fills the intercellular 
spaces ( 11 ) . From there it returns, by 
way of the lymph vessels and lymph nodes 
( 111 ) , into the circulatory blood. Between 
I and 111 is the intestine, from which a 
part of the food is likewise absorbed into 
the lymph system during digestion. 

ing it for the first time exclaim with 
astonishment. Innumerable small 
disks float about — 5,000.000 in a 
cubic millimetre cubic inch). 

At this point let the reader stop for 
a moment and glance through tliis 
volume. Try to think of how many 
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ietters the text of this book probably 
contains. Now imagine this book 
growing smaller until it is contained 
within this O. This O becomes filled 
with water and the letters float out 
of the text. It is certainly an im- 
position on the human imagination 
to suggest and think of anything so 
fantastic. Nevertheless, we would 
still be far from the truth, for even 
then the O would contain only one 
quarter as many letters as it would 
blood cells if it were filled with blood. 
Naturally, it is almost impossible for 
the mind to grasp such magnitudes; 
one can only marvel. 

Chains of Cells 

Approximately 22 to 25 million 
million blood cells float about in 
the 9 pints of blood contained in the 
human body. If the blood cells of a 
human being were dropped one by 
one from a travelling train, so that 
they would remain lying like coins 
between the tracks, they would form 
a bead-like chain; if the cells were 
not enlarged as in Figure tg2, but re- 
tained their natural microscopic size, 
the train would have to travel almost 
four times around the earth before 
the last blood cell had been added 
to the chain. 

If the cells were not arranged like 
a chain, but were to be woven into 
a carpet, it would cover an area of 
about 4,900 square yards. Man has 
so many and such small cells in his 
blood in order that it may have as 
large a surface area as possible within 
the smallest possible space. The 25 
million million blood cells have a 
total surface area of about 4,900 
square yards, by means of which they 
come into contact with the respira- 
tory gases of the atmosphere. At any 
given moment one quarter of the 
blood contained in the human body 


is to be found in the lungs, which 
means that about 1,200 square yards 
of blood-cell surface area are con- 
stantly exposed to the ail’. So great 
is the contact surface between the 
blood and the air in the lungs that 
an individual going for a walk may 
be regarded as actually exposing 
about 1,200 scjuare yards of the living 
internal surface of his body to the 
air. This surface is not stationary, 
but moves past the air chambers of 
thq lungs with the blood like a mov- 
ing belt. Every second 2 million 
million blood cells pass by the air 
chambers of the lungs— that is, in 
every second a tissue surface of 370 
square yards comes into contact with 
the respiratory gases of the atmo- 
sphere ! 

The Blood Pigment, The blood 
cell is filled with the blood pigment 
haemoglobin, which has a* strong at- 
traction for atmospheric oxygen. The 
number and size of the blood cells 
are adapted to tlie oxygen need of.’ the 
bearer. Worms have no blood cells, 
while cold-blooded amphibians have 
large but relatively few cells in their 
blood (30,000 in 1 cubic millimetre). 

Why the Blood Count Varies 

With the appearance of warm- 
bloodedness, the blood cells become 
smaller and correspondingly more 
numerous. Those animals that are 
(i) warm-blooded, (2) small, thus 
losing more body heat, and (3) in- 
habitants of mountain regions, have 
the smallest and most numerous blood 
cells. The llama of the Gordilleras 
and the musk deer of the Flimalayas 
have the smallest and most numerous 
of all: 13 million in one cubic 
millimetre! In the matter of blood- 
cell production human bone-marrow 
adapts itself remarkably to the needs 
of the body. The air in the lowlands 
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is under greater pressure and con- 
tains more oxygen tliaii that at higii 
altitudes. Gonsequentiy at low alti- 
tudes an individual needs less air, 
and accordingly a smaller internal 
respiratory surface — that is, fewer 
blood cells. On the other hand, if 
he ascends to a high altitude, he en- 


In Basel, at an altitude of about 918 
feet, the average lilood count is 5 
niillion cells per cubic miliinietrc; in 
Zurich, at about 1,345 feet, it is 5.5 
million; at Davos (about 5,000 feet), 
6 million; and at St. Moritz (about 
6,000 feet), ^ million. Among the in- 
habitants of the Cordilleras who live 


Fig. 135, The bone-marrow- — birthplace of the blood corpuscles. At (1) is a bone- 
marrow cell, progenitor of the red blood cells and leucocytes (white blood cells); 
(2) a young red blood cell with nucleus; (3) a red blood corpuscle which has lost its 
nucleus and become mature; (4) immature leucocytes; (5) mature leucocytes wander- 
ing through tissue; (6) a leucocyte inside a blood vessel; (7) a wandering giant leucocyte. 


ters a rarefied atmosphere contain- 
ing less oxygen, where he must 
breathe more rapidly and deeply, so 
that more blood cells are required. 
The blood-cell count is indicative of 
the altitude at which an individual 
■"lives,. ' . 

On the average, however, the in- 
habitants of London, New York, and 
Amsterdam have a count of 4,700,000 
cells per cubic millimetre of blood. 
In Switzerland the count varies at 
different places within the country. 


at altitudes over 13,000 feet, the num- 
ber of blood cells rises to 8 million 
[Fig. 136]. 

Sooner or later every cell under- 
goes disintegration and is replaced by 
a new blood cell. The rate of forma- 
tion of the new cells keeps pace with 
the destruction of the old ones. It is 
clear that this replacement process 
must be very rapid, and, indeed, the 
productive power of the bone-mar- 
row is incomparably greater than 
that of any other organ in the body. 
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/Inremici. Anasmia is a broad term 
which designates a decrease in the 
runnbe}' of red blood cells either as 
a result of a destruction or diminu- 
tion of the cells themselves, or be- 
cause of injury to the bone-marrow. 
A decrease in the number of red cells 
in the blood may be brought about in 
a large number of ways which may 
be classified as follows: 

1. Actual loss of blood through 
bleeding. 

2 . Destruction of blood cells and 
injury to the bone-marrow by bac- 
terial or other poisons. Such poisons 
may be chemicals taken as medica- 
ments or absorbed by workers in cer- 
tain chemical industries. Prolonged 
infections sometimes produce similar 
results. 

3. The absence of a chemical fac- 
tor necessary for the normal function- 
ing of the bone-marrow and the pro- 
duction of red blood cells. This is 
the case in pernicious anaemia and 


sprue. The disturbance in the pro- 
duction of red blood cells is reflected 
in the condition of the blood. There 
is an extreme decrease in the number 
of red cells, yet each cell contains an 
abnormally large quantity of the 
blood pigment, haemoglobin. The 
cells are very irregular in form and 
size, both small and giant forms be- 
ing present. 

4. Finally, the bone-marrow may 
be attacked directly by extensions of 
malignant tumours. In such cases 
the bone-marrow is replaced by ab- 
normal tissue which interferes mech- 
anically with the blood-building 
function of the marrow. 

Chlorosis. An interesting form of 
anaemia which has now become 
rather rare is that found particularly 
among young girls and known as 
chlorosis. Such individuals develop 
a peculiar greenish pallor, with con- 
siderable weakness, loss of appetite, 
digestive disturbances, and constipa- 



have nearly twice as many red blood cells as people living near seadeveL This 
increase in the number of blood cells compensates for the lower oxygen content of the air. 




haemoglobin is the functionally im- 
portant part of the red blood cell, 
since it is the chief agency for the 
transport of oxygen and carbon 
dioxide in the body. The ability of 
haemoglobin to combine with and 


pigment in the animal body, chloro- 
phyll is contained in small round 
granules. The chlorophyll granule 
and the blood cell are cousins. 
Chlorophyll itself contains mag- 
nesium instead of iron, but it attracts 
iron compounds from the soil. For 
this reason chlorophyll-containing 
green plants have a high iron con- 
tent, while pale plants' lacking- 
chlorophyll are poor in iron. Botli 
animals and plants require sunshine 
for the formation of their pigments. 

The old, worn-out blood cells are 
taken out of the blood-stream by 
various organs, especially by the 
liver. Next to the lungs, the liver 
is the most sanguineous organ of the 
body; at any given moment one quar- 
ter of the blood in the body is found 
in the liver. Situated within the 
wails of the liver vessels are star- 
shaped cells; one might even call 
them ‘‘ starfish ” cells, for they bear 
an astonishing resemblance to star- 


iiiK body's nked of iron 


lion. I’he number of red blood cells to transport the respiratory gasc! 
is almost normal, but there is a con- associated with the presence of ii 
siderable diminution in the haemo- . in its composition, 
giobin content of each cell so that Red Blood and Green Leaves. 1 
they appear very pale. This condi- pigment of the blood is closely 
Lion improves rapidly under the ad- lated to chlorophyll, the green j 
ministration of iron in almost any ment of plant leaves. Like the bk 
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fish. These ceils extend polypoid 
arms and remove the old worn-out 
cells from the blood-stream in order 
to destroy them [Fig, 137]. The iron- 
coiitaiiiiiig blood pigment is passed 
on to the liver cells (3), which deal 
with it in a twofold manner. One 
part is used in the formation of bile; 
a green bile pigment named biliver- 
din is made from haemoglobin (3). 
Bile flows through the bile canals 
into the gall-bladder and then into 
the intestine. 

Foods Rich in Iron 

The body loses of its iron 
daily by way of the bile and the 
feces. This loss must be replaced, 
and in consequence man needs foods 
containing iron. Mother’s milk, as 
well as cow’s milk, is relatively de- 
ficient in iron. During the last days 
before a child is born, the mother 
supplies the child with large quanti- 
ties of iron from her own blood. The 
child receives a supply of iron for its 
journey into life. This covers the 
needs of the child during the nurs- 
ing period. After six months this 
supply is used up. For this reason 
infants often become ansernic during 
the second half of the first year, 
especially if they are fed only on 
milk. At the end of the first six 
months at the very latest a child 
should receive carrots, spinach, 
orange juice, tomato juice — for ail 
pigmented fruits and vegetables con- 
tain iron. Non-pigmented foods: 
milk, sugar, rice, fat, egg white, and 
fish, are lacking in iron. Among pig- 
mented foods, spinach, lettuce, car- 
rots, tomatoes, oranges, cherries, red 
meat, egg yolk, and blood contain 
a good deal of iron. 

Blood Platelets, In addition to 
the red blood cells, the blood also 
contains two other cell types, the 


blood platelets and the leucocytes 
(or white blood cells). The blood 
platelets [Fig. 137 (7)] are extremely 
small. In diameter they are only |- 
as large as the red blood cells, and 
in volume only There is one 
platelet to every ten red cells, so that 
there is a total of a J million million 
blood platelets. They are not only ex- 
tremely small, but also very sensitive, 
and so are liable to break up under 
certain conditions and c|uickly 
disappear. Their significance is 
still somewhat obscure. The only 
function which can be ascribed to 
them is in connection with the clot- 
ting of the blood. 

Blood Coagulation, The blood 
flowing within the circulatory system 
does not coagulate while it is in con- 
tact with the smooth vascular walls. 
Nor does it clot when it is permitted 
to flow carefully into a very smooth or 
lubricated glass vessel. A glass rod 
may even be dipped into the blood 
without causing coagulation. FIow- 
ever, if a wooden rod is used a general 
clotting process sets in. Similarly, 
the blood coagulates when the vascu- 
lar wall is injured. 

Fibrin Threads 

As a result of the rupture of the 
wall of a blood vessel, a very com- 
plex process, consisting of several 
phases, is initiated which ends with 
the clotting of the blood. As the first 
visible evidence of clotting one secs 
very fine threads of a material called 
fibrin running in every direction 
through the blood. Tlie fibrin 
threads usually form about certain 
centres consisting of disintegrating 
platelets [Fig. 138 (a)]. The threacls 
form a network entangling all the 
blood cells like flies in a spider’s web. 
The moving blood-stream comes 10 
a standstill and is transformed at 
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tills point into a kind of cell swamp. 
The fifirin threads that appear in the 
blood are firm and highly elastic. If 
fresh blood is whipped with an egg- 
beater, the fibrin threads adhere to 
it as they form, and may thus be with- 
drawn from the blood. After being 
washed in water they are seen to be 
perfectly wdiite and to resemble bast 
fibres (b). Blood-clotting protects 
the body against loss of blood. Clot- 
ted blood exhibits a surprising resem- 
blance to absorbent cotton (c). Clot- 


ted blood is nature’s absorbent cot- 
ton, and a blood clot is a cotton plug 
inserted into the blood-stream bv 
nature. On the basis of the ability 
of the blood to clot it may be said 
that everyone carries an invisible 
first-aid kit in the blood. 

HcemophiUa, The rapidity with 
which blood clots varies greatlv 
among different individuals. Per- 
sons wdiose blood clots very slowiv 
or not at all are known as bleeders, 
and the condition itself is called 
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Fig. 137. The life of the blood— ~a view inside a liver-vessel The walls of the minute 
liver-vessels contain stellar cells which extend their polypoid arms and remove the 
worn-out blood corpuscles from the bloodstream (1 and 2). From the blood pigment 
the liver cells prepare bile pigment (3), and from other constituents of the blood cells 
a hormone (4), which stimulates the formation of new blood cells in the bone-marrow. 
The bloodstream contains floating leucocytes (5), which attach themselves to the vascular 
wall and creep through its interstices (6). The smallest cells of the blood are the 
thrombocvtes, or blood platelets (7), which participate in blood coagulation. Some of the 
nutritive substances (8) circulating with the blood are ingested and stored by storage 
cells situated behind the vascular wall (Lower Right). 






Fig. 138. In coagulating blood (a) there are formed elastic threads of fibrin, a 
substance resembling bast fibres (b) , which entangle and arrest the blood cells. Thus 
the fibrin stanches the ruptured blood vessels, acting like a plug of cotton-wool (c). 

haemophilia, which is very rare, but none of them could help him. 
The condition is hereditary and sex- so that the parents, who were greatly 
linked. The disease appears exclu- concerned for the life of the only 
sively in men, but is never transmit- successor to the throne, invoked the 
led directly from father to son. It is pi'otection of the ‘‘ miracle-working " 
transmitted from the father to a monk, Rasputin, who played a fate- 
daughter who herself remains ful and sensational role at the court 
immune, and by her in turn to her of the Czar. The same situation 
son, the grandchild of the sick father, recurred at the Spanish court. 'The 
As a result we have the following Spanish Grown Prince was also a 
remarkable rule: lire sons of a bleeder. Thus two of the greatest 
bleeder do not suffer from and do dynasties of European history, tlic 
not transmit the disease. The daugh- Spanish in the west and the Russian 
ters of a bleeder are themselves im- in the east, ended with uncrowned 
mune. Among their sons, however, successors who w^ere bleeders, 
the grandfather's disease reappears, Loss of Blood. Man can sustain a 
as happened with the son of the last loss of blood amounting to as much 
Russian Czar, who was several times as one third of the total quantity 
at the brink of death. Numerous of blood in the body. The bone- 
outstanding European physicians marrow responds to a loss wdth in- 
were summoned to the Czar’s court, creased activity, and replaces the lost 
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!)luod with relative rapidity. The 
rapidity with which a healthy person 
recovers from a loss of l)]ood is 
astonishing'. 

The situation is very difi'ercul, 
however, when the Ixxly is sick or 
weakened. The body is much more 
sensitive to loss of blood during an 
operation, when the brain, including 
the vasomotor centres, is under the 
influence of an anaesthetic, when 
wounds arc created or body cavities 
opened, as well as after the operation 
when the vital energies of the body 
are required for the healing of 
wounds. Similarly, repeated blood 
losses are poorly tolerated even when 
they arc small. Tlie bonc-marro^v 
becomes accustoTiied to this stimulus 
and no longer responds to it. 
Chronic, bleeding intestinal ulcers, 
for instance, from which slight quan- 
tities of blood are lost daily, eventu- 
ally weaken the body like the 
constant blood-cell losses of malaria. 

Blood Transfusion, In order to 
compensate for blood lost in haemor- 
rhage, or to restore the circulation 
in shock ])y filling the paralysed and 
dilated blood vessels with fluid, a salt 
solution, corresponding in its physi- 
cal properties to those of the body 
fluid, has, for many years past, been 
introduced into the circulation, or 
blood lias been transfused from the 
body of a donor into the circulation 
of the recipient. 

Blood Donors 

The early experimental attempts 
at blood transfusion were often fatal 
because animal blood, in particular 
that of slieep, was employed. The 
transfusion of animal blood into the 
human bodv is dangeioiis because of 
the heterogeneity of the bloods, and 
has now been completely abandoned. 
Today only the blood of healthy 
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human beings is used for transfusion. 
In every city there are “ donors ” who 
give blood because of a desire to hcl]>. 
Many people have given bhxjcl a hun- 
dred times without injuring their 
health or interrupting' tlieh work 
even for a single day. Usually a half- 
pint to a pint of blood is transfused 
in the course of a blood transfusion. 

Blood Groups. Even blood trans- 
fusion from man to man cannot be 
performed with impunity. At the 
beginning of this century, when 
blood transfusion, after having been 
discarded lor decades, again became 
“ raodeni/' a remarkable observation 
was made. 

Agglutination 

It was discovered that approxi- 
mately half the transfusions were 
well tolerated, while in the other half 
of the cases the patient’s condition 
l^ecame worse. In some cases the 
patient even died soon after the trans- 
fusion. Investigation disclosed tliat 
there are different kinds of human 
blood — in fact, no fewer than four 
major types — and that the proteins 
of one type of blood are “ foreign ” 
lo the blood of the others. 

The relationship of blood types, 
or blood groups as they are generally 
known, is ascertained by means of 
the phenomenon of agglutination. If 
a drop of one blood type is added 
to the blood, or to the blood 
water (serum), of an incompatible 
‘"foreign” type, the blood cells be- 
come clumped together. This is 
known as agglutination. Since 
agglutination is the precursor of 
blood-cell destruction, it is a matter 
of great significance in performing 
a transfusion to make sure that the 
blood cells of the donor will not be 
agglutinated by the serum of the reci- 
pient and consequently destroyed. 



THE LYMPH-VESSEL NETWORK 

Fig. 139. The entire surface of the body is pervaded with a network of lymph-vessels, 
whose function is to break down and absorb foreign substances penetrating the skin and 
filter them through the lymph nodes, so that the bodfs interior remains sterile and clean. 

iSo 
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F igure 134 represents diagram- 
iriatiGally the relation of the 
h'mpiiatic system to the blood- 
stream, and the manner in which 
lymph arises from the blood: blood 
water oozes out of the most delicate 
vessels, the capillaries, and occupies 
the intercellular spaces. Figure 140 
shows how the lymph drips out of the 
capillaries at one of the chief points 
for the production of brain lymph, 
or cerebi'ospinal fluid. If a calf*s 
brain is cut open several narrow 
spaces can be seen inside; a delicate, 
cobweb-like vascular network hangs 
from the walls of these spaces. 

Cobweb Tissue 

If a piece of this tissue is torn 
oil and examined with a magnifying 
glass, one recognizes the tufts repre- 
sented in the accompanying illustra- 
lion. It is evident that they branch 
oil from the vessel suspended from 
the roof of the cerebral cavity. If 
the tufts are examined with a micro- 
scope, one sees picture (b). Each tuft 
is a small bag, consisting of a layer 
of delicate cells, within which a fine 
branch of the blood vessel breaks up 
into a capillary loop. Blood water 
drips from the latter and forms a 
shallow lake on the floor of the cavity. 
If the tufts of an unborn child’s brain 
secrete too much cerebrospinal fluid, 
the increased internal pressure 
pushes the soft skull bones apart so 


that the child is boim ■with an im- 
mensely enlarged head, a hydro- 
cephalus (water on the brain). Slight 
increases in the quantity of cere- 
brospinal fluid are insignificant; in- 
deed, it often appears as if the 
slightly increased pressure exerts a 
favourable effect on tlie development 
of the brain. 

On the other hand, however, con- 
siderable increases in the quantity 
of the cerebiDspinal fluid naturally 
damage the child and hinder the de- 
velopment of the brain and its activi- 
ties, causing severe cases of idiocy or 
even death. In many brain diseases 
the production of cerebrospinal fluid 
is stimulated by the pathological con- 
dition. As a result, symptoms of in- 
creased cerebral pressure are pro- 
duced: headache, nausea, vomiting, 
convulsions, maniacal states, and 
ultimately death due to pressure on 
vital centres. In such cases the con- 
dition can be relieved by inserting a 
hollow needle into the spinal canal 
in the lumbar region and withdraw- 
ing some of the cerebrospinal fluid. 

Pervading Network 

The Lymph-Vessels. The lymph 
which oozes between the cells collects 
in microscopically small lymph 
spaces. These in turn unite to form 
lymph-vessels. Figure 1 94) represents 
the superficial lymph-vessels of the 
skin, and Figure 141 the internal 
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lymplwessels of the body. The 
entire body is traversed by such 
lymph- vessels. Their number and 
total length surpass by far those 
of the blood vessels. No imagina- 
tion can really picture the number 
and delicacy of the lymph- vessels con- 
tained in the tissues of the body. 

Lace-like Tissue 

Imagine a specimen of Venetian 
lace where each square centimetre 
contains twenty-five knotted stitches. 
Think of such a piece of lace as 
large as a tablecloth. Crumple this 
until it can be held in a fist like a 
creased paper napkin. Now make it 
so small that it can be put into a 
thimble— a Venetian lace tablecloth 
in a thimble. This enables one to 
form an approximate conception of 
the nature of the lymph tissue which 
travei'ses every tiny corner of the 
body with its networks and meshes. 

The light, central portion of 
Figure 141 represents the geographic 
distribution of the lymph-vessel 
system in man. The lymph-vessels 
originate in the external surfaces of 
the body, the skin, the mucous mem- 
brane of the mouth, and the mucous 
membrane of the intestine. The last 
is actually a modified surface of the 
body and is in contact with the out- 
side world. Here the most delicate 
branches take their origin; they are 
represented in Figure 14s (b). They 
unite to form larger lymph-vessels 
having approximately the same 
calibre as linen threads. 

These larger, superficial ves- 
sels pass under the skin and mem- 
branes like the veins that are visible 
as bluish stripes. If they become in- 
flamed they become visilfle as reddish 
slender streaks. Like the veins, the 
lymph-vessels pass towards the heart, 
uniting to form large lymph tranks 


on the way. The largest of tliese is 
the thoracic duct, which ascends from 
the intestinal region, passing through 
the thorax alongside the spinal 
column, and empties into the blood 
vascular system near the heart [Fig. 

141 (h)]. 

Lymph Nodes. Since the lymph 
from the peripheral areas of the body 
absorbs all kinds of substances and 
fluids, including bacteria and toxins, 
it cannot be permitted to enter the 
blood-stream uncontrolled. For this 
reason it is filtered several times in 
the course of its journey through the 
body by special apparatuses. The 
smallest of these, the lymph nodes, 
are nothing but balls of cells in a 
framework of connective-tissue and 
muscle fibres. When the muscle 
fibres contract, they squeeze fluid and 
cells out of the balls. Millions of 
these lymph nodes are scattered 
throughout the body. The entire 
wall of the digestive canal is filled 
with them like a frontier occupied by 
ever-watchfiil guards. 

Special Organs 

Tonsils and Appe 72 dix. In various 
parts of the digestive canal these 
lymph nodes are grouped to form 
special organs. The two best-known 
groups of this kind are the tonsils, 
in the back of the mouth [Fig. 141 
(in the head)] and the appencHx at- 
tached to the coecLim (beginning of 
arrow III). The tonsils and the 
appendix are sister organs, of which 
the former are situated above at the 
entrance of the cesophagus, and the 
latter is in the intestinal canal at the 
entrance to the large intestine. Their 
structure is similar. Both consist of 
groups of lymph nodes surrounded 
by lymph-vessels, and both extend 
above the surface of the digestive 
canal. Figure 141 (III) shows die 




i\iiiph nodes and lymph-vessels of 
the append ix- 

Lyinph Glands. On their way to 
die heart the lymph- vessels pass 
several larger groups of lymph nodes 
called lymph glands. Figure 141 (I) 
is a seini-cliagramniatic representa- 
tion of die internal structui-e of such 


laboratory and quarantine station. 
The reaction of the gland depends 
on the character of the arriving- 
lymph. If the lymph contains manv 
foreign substances that irritate the 
gland, the lymph nodes produce 
many cells which enter the lymph- 
stream, then the blood-stream, and 


a lymph gland. A lymph gland is a 
saccular dilatation of a lymph-vessel, 
in which the stream bed of the latter 
is ^videned about twenty times. 
Islands of lymph tissue arc scattered 
tlirougliout this broadened lymph- 
stream. The lymph is compelled to 
ooze slowly through this island maze 
as through die pores of a sponge. The 
lymph nodes saturate diemsclvcs 
widi Ivmph, (X)ntrol its composition, 
and treat it chemically and bacterio- 
logically. Each lympli gland is a 


are carried by the blood to die region 
of the body where the irritating- 
foreign substance is being produced. 
Lymph glands are police stations that 
regulate the traffic in the metropolis 
Man; if they notice any suspicious 
elements in the stream of traffic, they 
send out their policemen, the lymph 
cells. 

The Spleen. The s}>leen. is a large 
abdominal organ which is similar in 
many respects to a lymph gland 
(II). The spleen is not a digestive 
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Fig. 140. How lymph is secreted. A view inside one of the cerebral ventricles, showini' 
how the capillary blood vessels form plexuses, or assemblages of minute loops. From the 
latter drips the cerebrospinal fluid, or brain lymph, which is secreted from the blood. 




Fig. 141 . Not only the body's surface, but its entire interior as well, is traversed by 
lymph-vessels, as is shown above (Centre), At (I) is seen the internal structure of a 
lymph gland; at (11), a section of the spleen, which manufactures lymph cells. At (III) 
are the lymph nodes and vessels of the appendix. These sections are highly magnified. 
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organ :altlioiigii it lies' next 'to 'the 
stomach.,. It has no , relation to any 
neighbouring organ, but is attached, 
exclusively to the blood-stream. It 
could just as well be situated in some 
,other part, of ., the body. ,Figure 141 
(II) , illustrates the very interesting 
structure of this organ. The blood 
Is, /carried into the splenic tissue by 
arteries (a). „The arteries pass lymph 
nodes (b) on their way and receive 
lymph cells from them. Immediately 
behind the lymph nodes the arterial 
vessels ramify to form small tufts 
which because of their similarity to 
the hairs of a brush are known as 
hair-like arteries (penicilli) (c). The 
end of each of these branches is 
thickened (d). This thickening may 
be regarded as functioning like a 
brake, for immediately behind this 
brake mechanism the artery passes 
directly into a wide venous sac with- 
out any previous capillary formation 

(e) . These venous sacs can swell up 
to several times their original size, 
and are thus able to receive immense 
quantities of blood. Owing to this 
structural arrangement the spleen is 
able to function as a blood reservoir. 
The blood flowing out of the spleen 

(f) contains sixty times as many 
lymph cells as it did when it entered 
the spleen (g). 

Mystery of the Spleen 
The functions of the spleen are not 
yet understood in sufficient detail. 
However, it does play a large role in 
blood formation during childhood, 
as well as in lighting blood and bone- 
marrow diseases, such as malaria, 
anseniia, syphilis, recurrent fever, etc. 
On the other hand, however, it can 
be removed without interfering with 
the vital processes of the body, be- 
cause it can apparently be replaced 
by other parts of the lymphatic sys- 
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tern. A nemark made many , years,, .ago 
by a weil-kno^vn physiologist is still 
true: “ The spleen,'’ he said, “is 
one of the most obscure and mysteri- 
ous corners of the human organism.” 

The Leucocytes. The cells arising 
from the Ivmph organs are called 
lymph ceils. But they also iia\e 
several other names. They are called 
\vhite blood cells, ieucocytes, because 
they float in the blood as colourless 
bodies alongside the red blood cells. 

“Scavengers” 

They are also called phagocytes 

scavenger ” ceils) because they 
have the ability to ingest foreign 
bodies; and finally wander cells, be- 
cause they are not sessile like other 
cells, but wander about independ- 
ently. The mature cells pass out of 
the bone-marrow, lymph glands, or 
spleen, and float in the blood- aiui 
lymph-streams as colourless spheres 
or leucocytes [Fig. 135 (fi); Fig. 157 
(5); Fig. 141 (I) and (II g)]. 'Fhe pro- 
portion of “ white ” to red cells is as 
1 to 1,000. 

The number of white cells present 
in the blood increases during diges- 
tion, after strenuous muscular exer- 
cise, during fever, and in tlic course 
of various inf ect i 011 s d i seases. The 
number of while ceils increases p'dv- 
ticularlv when there is a ]mrtilent 
focus in the body. In some diseases, 
for example typhoid and measles, 
their number is decreased, .\ftev 
X-ray treatments there is a consider- 
able decrease in the number of white 
cells. In certain skin and intestinal 
diseases, asthma, trichinosis, tape- 
worm infestation, etc., special types 
make their appearance. Numerous 
conclusions can be drawn from the 
number and kind of ieucocytes found 
in the blood, and for this reason a 
leucocyte or white-blood-cell count 
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[2. How wandering lymph cells protect us. A splinter (I) introduces bacilli into 
id. They are conveyed by wandering lymph cells (b) to the lymph glands of the 
'll ) , and destroyed ( c) . Meanwhile, fresh lymph cells hasten to the ^'battle'^ (d ) . 
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cell has floated ahoiu in the i>l{)od 
[or some time, it reveals ils Lvue 
nature; it begins to wander and to 
act as a scavenger. It extends several 
processes, attaches itself to the vas~' 
cular wall and assumes the appear- 
ances of a starfish on the wail of an 
aquariuin [Fig. 137 (6)]. It feels its 
way along the wall, creeps out of the 
blood vessel through a narrow gap in 
its wall at some point, and wanders 
through the tissue. Where does it 
go? There is no spot in the body 
where wandering cells cannot be 
found. There are always several 
hundred billion wandering ceils 
travelling around — in our body there 
are a hundred times more little in- 
dividuals constantly wandering 
about than there are human beings 
on our planet. If no human being 
had died since the Glacial period, if 
every human being that liad been 
born since then were still alive — 
there would not be as many people 
as there are wandering cells creeping 
about in our body. 

Watchful Armies 

The wandering cells are the police, 
soldiers, street-cleaners, firemen, and 
first-aid men of the cell state. They 
intervene wherever they find a 
foreign body, a dying cell, or a dis- 
turbance of any vital activity. They 
are led by a kind of olfactory sense. 
As soon as any disturbance in the 
activities of the body becomes notice- 
able, wandering cells appear from all 
sides. They creep out of the blood 
vessels, from the neighbouring 
lymph glands, and from the farther- 
most regions of the body. If a fine, 
open tui)e filled with l)acteria is 
placed in the abcfijminal cavity of a 



frog and fiicn removed aftei <;ighJ 
hours, it is covered willi uandeiing 
cells. Owing in pait to ilie gather- 
ing of wandering cells, the tissues 
swell wherever there is an acute 
pathological process. If a splinter 
penetrates the skin, it is practically 
besieged by an entire army of w a ti- 
dering cells [Fig. 142 (a), (b)]. The 
cells gnawv it like mice; they secrete 
digestive substances around it and 
try to dissolve it. If this does not 
succeed, they attempt to remove it. 

Suppuration 

They eat into the tissue around 
the foreign body so that it will 
become liquefied. Tissue liquefied 
by wandering cells is called 
pus. Pus is not a disease, but the 
result of remedial action taken bv 
the body against some pathological 
disturbance. If a wound discharges 
pus, it indicates that there are sub- 
stances in the tissues \vhich the body 
wants to remove. A “ clean wound 
does not suppurate. A large collec- 
tion of pus at any point in the body 
is called an abscess. 

Wounds and Woimd - Healing. 
Figure 145 depicts the processes that 
occur when we have hurt ourselves, 
and a dirty foreign body — for ex- 
ample, a splinter — has entered the 
skin, causing suppuration. The 
splinter (I) penetrates the skin sur- 
face, wfiiereupoii wandering cells, 
attracted by the substances in the 
wound, creep out of the nearest 
blood vessel and rush to the “ batllc- 
ficld.’' They gnaw at the splinter in 
order to digest it, or form ]>us by 
digesting the surrounding tissue. 

Ollier foreign bodies, among them 
bacilli, have entered the body to- 
gether with the splinter. They are 
attacked and ingested by the wander- 
ing cells (b). These cells, filled with 
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Fig. 143, A view into the depths of a wound. From a ruptured blood vessel (a) 
flows over the torn muscle fibres (b). Wander cells (c) emerge from neighhi 
tissues^ attack the invading bacteria (d), and pour digestive secretions over ther 
Then young connective-tissue cells, resembling starfish with interlaced, thread-like 
arrive ami -build fresh tissue over the cleansed area (f). 
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.badlii, wander into the . iyiiiph-ves- 
;seis and swim in them to the, nearest „ . 
lyiiipii gland. If a finger has been 
injured/ , the nearest lymph glands, 
readied by the wandering cells are 
those of the elbow. The cells reach 
this point without hindrance, but 
here they are intercepted by the 
gland. Not only does the lymph- 
stream carry the cells, but also toxins, 
dust particles, and small coal 
granules. All these substances are 
caught in the net of the lymph gland. 

The lymph cells' arm-like pro- 
cesses catch and ingest the foreign 
substances as they pass by, just as 
polyps catch and devour small fishes 
and crabs. The wandering cells 
laden with bacilli are also devoured 
(c). Among the ordinary lymph ceils 
occasionally very large cells may be 
found. These “ giant cells/' as they 
are called, are phagocytes that feed 
on phagocytes [Fig. 135 (7)]. 

Reinforcements 

As a residt of the introduction of 
wandering cells and foreign siil)- 
stances the lymph gland becomes 
larger, its cells multiply and grow 
more numerous. While wandering 
cells keep coming in from the 
“ battlefield ” in the finger (c), the 
lymph gland sends new young fight- 
ing cells into the lymph-stream in the 
direction of the front (d). These cells 
also enter the blood-stream, so that 
the number of white blood cells is 
increased- The increased number of 
lymph cells in the blood-stream in- 
dicates to a physician that a focus of 
infection must be present in the 
body. The swollen lymph gland is 
painful. When a finger wound sup- 
purates, the lymph glands of the 
elbo’w and armpit swell (II). When 
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someone comes to a physician with 
a complaint that the glands in the 
armpit hurt, the doctor not onl)‘ ex- 
amines the armpit but also looks at 
the hand to see whether the source of 
the trouble is located there. 

Figure 143 depicts another aspect 
of the life of wandering cells: iianiely, 
in the interior of a wound. At the 
upper left is a torn blood ^’essel which 
has bled (a). The blood has clotted 
and has formed something like a 
frozen waterfall (b) over the slumps 
of the torn miisde cells that are ex- 
posed in the wound. 

Barrier to Bacteria 

Wandering cells creep from the 
depths of the tissue (c). Tlie wound 
is contaminated; bacteria have en- 
tered it and multiplied (d). The 
wandering cells advance against the 
bacteria and oppose them. They 
want to ingest the bacteria, but be- 
fore they can do this the latter must 
be rendered harmless and tasty by 
means of certain substances known as 
opsonins, from the Greek Avovd xnean- 
ing “ to buy food." At (c) \vc see 
how they squirt these (qxsonins on 
the bacteria. 

While this relentless struggle be- 
tween the bacteria and the wander- 
ing cells is still raging, new groups 
of special wandering cells come to 
fill up the wound cavity with new 
cell tissue. They look like polyps 
with interlaced ihread-shaped arms 
(f). They cover the torn muscle 
columns and grow together with 
them, thus forming granulations that 
are later transformed into scar tissue. 
The vast host of wandering cells in 
the army of the cell state is the best 
conceivable militia that any state 
could ever desire for its protection. 
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Ffg. 144. The mould penici 
upon sliced potatoes. This i 
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Man and Bacillus 

BACHJ.I. THE .BACILLUS AS A DOMESTIC ANIMAL. T.HE MRUS. THE 
BACTERIOPHAGE. TOXIN. ANTITOXIN. SERUM. THE SULPHA DRUGS. 


M. AND B.' ,693.: , PEN,ICILL1N — THE 

M ost people have a wrong con** 
ception of bacilli. At the meii“ 
tioii of the word “ bacilli ” they 
immediately think of “ enemies of 
mankind,'' To think of a bacillus as 
something evil is just like thinking 
of a murderer at the mention of the 
word “ man.” Bacilli are the most 
widespread creatures in the world. 

If it were simply a matter of num- 
bers, one would have^to say that the 
earth is populated by bacilli, for the 
total number of all other living- 
creatures is insignificant when com- 
pared with the number of bacilli. 
There is no piece of soil, no dust 
particle in the air, no drop of water, 
no fly’s foot, nor a single human hair 
which is not populated by thousands 
of bacilli. If a human being kisses 
a sterile glass plate, a dozen colonies 
of bacilli will develop on it— every 
kiss carries bacilli from one human 
being to another [Fig. 145]. If a fly 
walks on a tablecloth, it leaves tracks 
behind it at every step like someone 
walking on snow — bacterial tracks 1 

We Eat Bacteria! 

Moreover, at any given moment 
when milk flows into the milker’s 
pail, each teaspoonful of milk con- 
tains 10,000-^0,000 bacteria. When 
the milk arrives at the railway station 
an hour later, the bacterial content 
is ten times greater. Eight hours 
later, when a housewife buys the milk 


WONDER DRUG. STREPTOMYCIN . 

and takes it home, each teaspoon ful 
contains 500,000 bacteria: several 
hours thereafter the number luts 
risen to 10,000,000 germs. In biutcr 
the number of bacteria is ten times 
greater. Half of the drv substance 
of cheese consists of living bacilli, 
cocci, spirilii, and vibrios. Bacilli 
are rod-shaped m i cr o-orga n i sms , 
cocci are spherical in shape, spirilii 
liave tlie form of corkscrews, arid 
vibrios are snake-like in their move- 
ments. 

Germs Everywhere 

Whenever human beings or animals 
live close together, the number of 
bacteria increases extraordinarily. 
Only a million germs live in each tea- 
spoonful of virgin earth; a teaspoon- 
fiil from a manure-heap contains 
thousands of millions. A spoonful 
of water from a river above a citv 
contains go, 000 bacteria; the same 
quantity from the river below the city 
contains a thousand million organ- 
isms. Morning air contains little 
dust and therefore few bacilli, for 
bacilli do not live freely suspended 
in the air, but exclusively as passen- 
gers on dust particles. Each dust 
particle is a balloon with which 
several hundred bacilli sail through 
the air. In the course of a day the 
number of bacilli increases, and at- 
tains a maximum in the air of rail- 
way stations, cafes, and dance halls. 
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Man and Bacilli. Creatures that 
are so widespread that we inhale 
thousands of them with each breath 
cannot be exclusively harmful. 
Bacilli are living creatures. They 
have no desire to be harmful or to 
l)e useful/ they simply want to live — 
j list as we do. W e call bacteria harm- 
less if they do not disturb us: those 
that help us we designate as useful: 
the third group, which injures us, is 
described as harmful. This is a very 
arbitrary and human classification. 
The relations of bacilli to man are 
exactly like those of visible creatures. 

Useful Germs 

There are more than 10,000 species 
of bacilli. Of these 80 per cent are 
of no concern to us; a small per- 
centage are useful to us and we ex- 
ploit them. They make cheese, vine- 
gar, yeast, dough, beer, and wine for 
us, and we use them to ferment tea 
and tobacco. We live togetlier with 
a large number of bacilli in a sort of 
community of interests, just as we 
do with bees and the domestic ani- 
mals, the dog, the horse, the cow, and 
the sheep. 

The Bacillus as a Domestic A nimal, 
All organs that come into contact 
with the outer world are colonized 
by bacteria; this is true of the skin, 
mouth, nose, air passages, stomach, 
and intestinal canal. This coloniza- 
tion is by no means accidental or 
anarchic in character. Here just as 
everywhere else in nature the bacilli 
also form communities. Since bacilli 
belong to the plant kingdom, these 
groups are described as the flora ” 
of the region where the\’ are found. 
Plants do not grow at random, but 
form definite groupings: the flora of 
the tropical forest, of the desert, 
swamp, or mountain. One plant 
thrives in the sun's rays, another re- 
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' quires shade; one plant witiidra^vs 
calcium from the soil, another aliiiiu 
inium compounds; a third lives on 
rotting leaves that have fallen from 
tree, branches, while in the tiniest 
cracks of the bark live hardy iw^sses 
that find enough nourishment iherc' 
to sun^ive. No creaturecanexploitail 
the possibilities present in its iialhtat 
for the support of life, \harioiis 
interstitial aspects of nature remain 
unused, and in these gaps otlier crea- 
tures are able to establish them sc h e, s. 
Similarly, human beings living in a 
city may also be regarded as a typt* 
of '‘flora." For example, a mine is 
opened and a shelter erected. Around 
the plant houses are erected for the 
workers. Once the workers ha\‘e 
moved in, various shops are opened, 
and a restaurant and a cinema ap 
pear. Bacilli live in analogous com 
munities. They are by no ineans 
lower and “simple" creatures. 'Fhere 
are more “ occupations ” anti 
“specialists" among bacilli than 
there are among men. In eveiv 
“milieu," in water, forest Inn n us. 
arable soil, in a cow's stomatin a 
dog's intestine, or a human abdomen, 
we find bacterial flora that are adap 
ted almost exclusively to theii* par 
ticular habitat. 

Our Bacterial Allies 

In the mouth, for example, which 
is moistened by alkaline sahha. kepi 
rather cool by the external ainHs^ 
sphere and periodically “ fioodetl " 
ivith food, lives the “ flora of the 
mouth" consisting of about fdiv 
kinds of bacilli. A verv diOertan 
flora is found in the large intestine, 
where no fewer than sevcntvdive 
kinds of bacilli live in comnuinitv of 
interests with each other and with 
man. Man gives them food, and llnw 
help to decompose food renmants 
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that are difficult to digest. Billions of 
living creatures leave the human 
body with every stool 1 

These bacterial colonies in various 
parts of the hunian body are not dan- 
gerous or harmful; on the contrary, 
they represent a community of inter- 
ests which has existed for millions 
of years. Man and bacillus live in a 
symbiotic relationship; the bacillus 
is the oldest and most intimate 
‘‘ domestic animal ” of man. 

We ingest ail kinds of bacilli al- 
most without interruption. Not in- 
frequently 3,000 tubercle bacilli may 
be found in a teaspoonful of milk. 
Only a few decades ago there was 
hardly an adult individual in whose 
body traces of an old tuberculous in- 
fection could not be demonstrated 
after death. Other pathogenic germs 
are sirniiarly widespread. Diphtheria 
and metiingilis organisms may be 
found in the nasal and oral cavities 
of individuals who are otherwise in 
good health. Bacilli that cause fur- 
unci es may be found on any skin, as 
well as streptococci that produce 
sepsis. Nevertheless, the importation 
of bacilli of the wmrst kind does not 
harm us, for reasons that are the 
\'ery opposite of those generally 
assumed by most people. In the first 
place, tv’c are not harmed because of 
llic great number and variety 
nf bacilli. Secondly, the ingestion of 
bacteria does not harm us because 
it takes place continually — that is, 
iherc is constant reinforcement of 
immunity by reinfection. A young 
cluld is endangered by unboiled 
cow’s milk, ancl a newborn infant 
should not ])e given it. A three-year- 
old is easily attacked by infectious 
diseases, but an individual who has 
swallowed the most “ dangerous " 
bacilli for t\centy years is so used to 
them and has produced so many pro- 


tective substances that he is immune 
to them, just as a habitual smoker 
can stand five strong cigars daily, 
whereas a non-smoker or a child 
attempting to imitate this feat would 
surely become sick. 


The Vims. If a bacterial culture 
is passed through an asbestos or clay 
filter, the bacteria are kept back by 



Fig. 145. A kiss as transmitter oj 
bacteria. This gelatine plate was touched 
by human lips. The white patches are not 
individual bacilli, but colonies of several 
million bacilli. Every kiss carries bacilli 
to and from the persons indulging in it. 
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the line pores oi' the filter; the filtrate 
is free of bacteria. Tuberculosis, 
diphtheria, or cholera cannot be 
transmitted by means of such a fil- 
trate for it contains none of the 
bacilli producing these diseases. 



Fig. 146. The feet of the common fly ^ and 
those of other insects, are laden with 
bacilli, which are deposited upon everything 
that they touch. The bacterial colonies on 
the plate above were cultured from fly tracks. 

However, the filtrate of a case of yel- 
low fever will transmit the disease 
even though it contains no bacilli. 
Colds, influenza, and a number of 
other diseases are not caused by 
bacilli, or at least not by bacilli alone. 
Infection with one of these diseases 
recpiires the presence of a much 
smaller filterable pathogenic entity, 
which is called a virus. The size of 


bacillus. 

, the virus in a \ lie calruhsled from ihe 
size of the pores in the liiicr. il nui\ 
be 20,000 times smaller tlian a ba<'i!“ 

Ills [Fig. 1-17]. . 

This iiiustration shows 2 ('iiliic 
millinietres of blood la), conlaining 
ten million bloo<I corpuscles. 11 oni' 
of the latter is magnified five thou 
sand times, it appears as large as thc^ 
disk (fo). A typhoid !)a<ilius can 
swim about in such a disk, while the 
smaller tubercle bacillus tould swim 
about within the typhoid liaciHus. 
If the tubercle bacillus were magni 
fied so that it was as large: as ihc 
rod (c), a magidfual ion ol about 
.jo,ooo times, then a \irus would 1 h‘ 
as large as tiie dot indicated bv the 
arrow. Within the two lubic milli- 
metres (a) there is rooui for ten irdh 
lion blood cells, hair hundred mil 
lion typlioid hticilli, twc» tlumsand 
million tubercle liaciili aud two 
thousand million viruses. 

It has not beett determined 
whether the virus is a living cicai.iae 
like the iKicillus, yet, it nun f>e cui 
lured and transmitted. Until nrnv 
approximately gtao species of virus 
have been recognized. Diseases that 
are caused by viruses and not hv 
bacilli are measles, snmlijrox, cohls, 
influenza, poliomvelit is, }al>ies, psit 
(acosis, foot aitd mouth liisease. 
switie fever, ttud the mtjsaic disease 
of tobacco. 'Uhe virus ol smallpox, 
which had l>een sfmglu in vain {<u a 
centurv, has now fieeu ihsKWered 
and cultured, 'i'he hrst iiuportant 
result of such cuhitres lias been to 
make it very much easier and simpler 
to procure the prophvladii vaccim* 
lymph. The virus is no longer t til- 
lured in calves, but. on the living 
membranes of hens’ eggs. I'lie 
second great sucees^ whi( h has 
been achieved is tin* pttHimtion of a 
tlicrapeutic serum for foot aud 
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nioiuli tliseasc, wliidi at one time 
< a used, loss to the value ol: iiiillions 
of pounds annually. A virus is more 
sensitive and fastidious titan a bacil- 
lus. It needs definite living condi- 
tions in order to flourish. As yet ito 
culture medium lacking living tissue 
has been iin en ted upon which a virus 
could be grown. It requires living 
tissue as a culture medium. 

Living Crystals 

Assuming a virus is a living crea- 
ture, it is apparently on the lowest 
rung of the ladder of life, or at least 
very close to it. It has long been 
conjectured that the lowest types of 
life must be closely related to crystal- 
line structures, and probably have 
the character of fluid crystals, regard- 
ing which we know that they are able 
to move about, adapt themselves, 
divide and multiply. Recently it has 
been discovered that the viruses of 
certain diseases such as the mosaic 
disease of tobacco can be obtained 
in the form of crystals ! These crystals 
can be kept in a solid state for 
months, then dissolved and recrystal- 
lized, yet the virus will nevertheless 
retain its living and infectious char- 
acter. The virus is a crystal consist- 
ing of protein compounds. In its 
vital organization it is probably as 
I'ar beneath a paramecium as the lat- 
ter is below a human being. 

The Swedish scientist Svante 
Arrhenius proposed the hypothesis 
that minute forms of living matter 
are propelled through universal 
space by the radiation pressure of the 
stars and wander from one solar .sys- 
tem to another. Consequently, Arr- 
henius reasoned, it is very probable 
that life is not a terrestrial privilege, 
but a universal phenomenon in the 
cosmos. The discovery of viruses 
may be used to support this hypo- 


thesis., for it may be that si ruses not 
only transmit disease from one living 
creature to another, but life itself 
from planet to planet. 

The Bacteriophage. When a cul- 
ture of the stools obtained from a 
convalescent case of bacillary dysen- 
tery is filtered through a clay filter, 
and the filtrate is then added to a 
cloudy culture of dysentery bacilli, 
the culture assumes a clear, trans- 
parent appearance within a few 
hours. On examination one finds 
that the bacilli have been dissolved 
and the culture is now sterile. The 
addition of an extremely minute 
quantity of this sterile culture to a 
second bacterial culture produces the 
same result. This process can be 
continued almost ad infinitum. The 
active principle or substance which 
destroys the bacteria has been named 
the bacteriophage, or eater of bac- 
teria. It is always associated with 
living, actively multiplying organ- 
isms, and has no action, on dead 
bacteria whatever. 

Virus or Enzyme ? 

There are two theories concerning 
the nature of the bacteriophage. 
Some scientists regard it as a living- 
organism or perhaps a virus, while 
others believe it to be an enzyme. It 
was first believed that the bacterio- 
phage would prove to be a powerful 
weapon in combating infectious 
diseases, but in practice it has so far 
been a disappointment. 

Toxin. Bacteria damage the body 
in a variety of ways. The diphtheria 
bacillus is not active, and lies like a 
white sward on the tonsils; but at 
the same time it produces a powerful 
poison, diphtheria toxin, which 
difluscs into the blood and lymph. 
This toxin damages the heart, the 
nervous system, and the kidneys. 
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Having once entered a skin wound, 
the tetanus bacillus remains there 
and produces a soluble toxin, whidi 
is so po^verful that one gramme is 
sufficient to kill so, 000,000 mice or 
4,000 human beings. If the patient 
is left untreated, this toxin reaches 
the spinal cord and the brain, where 
it becomes so firmly anchored to the 
motor nerve cells that it cannot be 
dislodged. 

Toxins and Fatigue 

The action of the tetanus toxin 
on the motor nerve cells results in an 
extreme hypersensitiveness of the 
motor nervous system, in conse- 
quence of which trivial sensory 
stimuli produce terrible muscular 
spasms. Finally the patient dies ex- 
hausted by his convulsions or 
asphyxiated by spasms of the respira- 
tory muscles. The feeling of fatigue 
which is present in persons suffering 
from various infectious diseases is 
generally the result of toxins circu- 
lating* in the body. 

Anti-toxin. When any foreign pro- 
tein is introduced into the blood 
vessels and tissue spaces of the body, 
substances known as anti-bodies are 
produced. Certain specific anti- 
bodies produced in response to bac- 
terial toxins ai'e known as anti-to.xins. 
These have power to nullify any 
effect produced by the foreign sub- 
stance by combining with it. Eadi 
anti-body is specific for the foreign 
substance which stimulates its pro- 
duction. The body may be compared 
with a city where a policeman is sent 
to meet every stranger as soon as he 
enters the city gate and to accompany 
him wherever he goes so as to render 
him harmless. However, the body 
produces not only a single police- 
man, but always more policemen 
than there are foreigners to be ar- 
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rested, so that , after the eiitrv of 
foreign elements into the hlooil tiu!rc‘ 
ai'e always free policemen present to 
arrest any subsequent intruders. Hit* 

■ body produces ' an excess of anti- 
toxin. If a person, has scarlet kwr, 
enough anti-toxin remains ai'rei' the 
disease has run its course to ensure 
that every new scarlet fe^ er organism 
is immediately bound and neutrai- 
ized. Owing to the excess of scarlet 
fever anti- toxin the individual has 
become immune to this disease. I'hc 
anti-toxins for scarlet fever, measles, 
and smallpox remain in the blood 
throughout life. Anti-toxins pro- 
duced in response to other diseases, 
such as colds and influenza, iirv. 
gradually eliminated by the boch-. 

Semin. The therapeutic serum 
which is injected in cases of 
diphtheria consists of anti-toxin, ob- 
tained from the blood of horses tliat 
have been inoculated with dijjlii heria 
toxin, causing them to produce anti- 
toxin. For some diseases, such as 
measles, there is as yet no beuer 
remedy than to inject tlie sick pei'son, 
with the blood of people who have 
recently had the same disease, so- 
called convalescent serum. 

Immunization 

This blood contains the ajui- 
toxin (passive iimminization). In 
the case of otlier protective inocula* 
lions — for exaitiple, against ]>lague. 
typhoid, and cliolera — the individual 
is not injected with a serum (<mlair{- 
ing anti-toxins, but with (lead organ 
isms causing the bo<.fy in product* 
sufficient anti-bodies by moans of this 
mild infection (active Immuni/a 
tion) for it to resist; serious infertiom 

The Sulpha Dru^s. Modern dis- 
coveries haverevohuioni/ed themedi- 
cal treatment of infectious and other 
germ-caused disea.ses of ihv hinmui 
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body. First of alb those engaged in 
what is called medico-chemical re- 
search succeeded, , in creating a . sub- 
stance which they called sulphanila- 
inide which, administered in addition 
■to modes of treatment which had pre- 
viously proved helpful, in most cases 
checked the activities, and ultimately 
destroyed the life, of the classes of 
germs known as haemolytic strepto- 
cocci, gonococci, meningococci and 
'bacillus coli. These germs,, if they 
“ successfully ’’ invade the human 
body, manifest themselves as puer- 
-peral fever, scarlet fever, gonorrhoea, 
,cUid a few other common disorders. 
'On pneumonia, however, , this sub- 
stance had no effect. 

M. and B. But continued re- 
search soon produced another syn- 
thetic combination which was found 
to be lethal to the pneumococcus, the 
bacterium responsible for the fatal 
disease, lobar pneumonia. To this 
substance, the name sulphapyridine 
was given, and it is this drug which is 
popularly known as M. and B. 693 
(so-called because it happened to be 
the . six , hundred and, ninety-,third 
product of the chemical research and 
manufacturing firm, of Messrs. May 
and Baker). Other drugs in this 
series have followed, some of which, 
including sulphathi azole and sui- 
phadiazine, have been found effec- 
tive' against 'diseases " not ."hitherto 
'■countered. 

Penicillin — The Wonder Drug. 
The word “ penicillin,” now famous 
throughout die entire civilized world, 
was, as recently as 1 9^? 9^ unknown ex- 
cept to the small class of students of 
the minute vegetables called moulds 
— which supply the active ferments 
of some well-known cheeses. Many 
moulds of the penicillin family are 
among these cheese-making agents, 
and tiiey are present, among others, 


in Stilton, Roquefort and Camem- 
bert cheeses. Camembert contains 
penicillium album, Roquefort and 
Stilton penicillium glaucum; the 
latter being responsible for the veins 
of blue which run through a mature 
cheese. These members of the peni- 
cillin family, however, are not those 
from which penicillin is made. The 
only species which seems to have 
active anti-bactcrial qualities is that 



Fig. 147. Cell — Bacillus — Virus. At (b) 
is a blood cell (magnified) containing 
typhoid and tubercle bacilli. The dot 
represents a virus magnified 40fi00 times. 
In the cube (a) over four thousand million 
organisms could find room (Page 194). 
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kn()^\’^l as penicillium no tat urn. 

Most people have heard the story 
ol: the accidental discovery of the 
gerui-destroying qualities of penicil- 
lin moulds : how the spores of one of 
the groups entered the laboratory 
window of Professor (later Sir) 
Alexander Fleming and contamin- 
ated ’’ some plates on which various 
bacteria were being developed ex- 



Fig. 148. A milestone in the history of 
healing. The original culture plate on 
which the anti-bacterial action of penicillin 
was first observed by Fleming in 1928 . At 
the top is a large penicillin colony; below it 
are colonies of staphylococci in various 
stages of degeneration under the influence 
of the penicillin. 

perimentally. The fact that the in- 
vading spores destroyed the bacteria 
with wliich they came into contact 
led Professor Fleming to investigate 
their properties. He found that 
broth in which they had been grown 
at room temperature had remark- 
able power in the destruction of 
many of the more common patho- 
genic bacteria, outstanding among 
these being the pneumonia bacillus 
and ihe staphylococci and strepto- 
cocci which are present in most of the 
common forms of septic infection. 


By experiment, Professc)!' fleuuttg 
found tliat the mould-containing 
broth, injected into the veitts. pt'o- 
duced no inore ill effects tlian did tin* 
injection of plain broliu nor did ii 
set up irritation or atjy other harm 
ful reaction when applied to the eye 
ball or to raw and ulcerated surlaces. 

All these researches and discoveries 
were made as long ago as jqgo and 
1931; and it is remarkable that no 
greater use wais made of llie knou 
ledge then gained, and that no real 
attempt to apply the new discove!\ 
to actual surgical pradice was imuh^ 
until the outbreak ol war in n.lgq. 
In particular, no method had f)een 
devised for the separation of the 
active material from the culture 
medium in which it was grown. 

In August, 1940, a paper was pub 
lished in The Lancet reporting the 
results of research by a group of 
scientists working at Oxford, in this 
paper the authors, who confirmed 
and extended the divseoveries made 
earlier by Fleming, staled that tlmn 
had succeeded in preparing from the 
culture medium a brown pow'der. 
soluble in water, effective in the con- 
trolling of certain infections. Al- 
though these early preparations wcnc 
relatively crude, and were afterwards 
shown to have contained as little as 
from one to two per cent of pun* 
penicillin, the anti-bacteriai power ol 
the substance is so great that lids 
group of tvorkers -was able io show 
conclusively the wide range of its 
activity, as well as its liarmlessness 
and freedom from toxic tdfet is except 
to bacteria sensitive to it. By further 
work, they succeeded in obtaining 
another powder, yellowish in hue, 
containing up to five per (cut of tlu* 
pure substance. Fhev were able to 
establish its very slight harmfulness 
to tissue cells; and they discovcretl 
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that it had certain properties which 
distinguished it from such substances 
as the sulphonamides. Thus peni- 
ciilin is active at a much higher dilu- 
tion than are the sulphonamides, its 
action is very little affected by the 
number of bacteria with which it 
has to deal, and it remains fully 
active even when the area to which 
it is applied is contaminated by 
blood, pus, serum or digestive fluids. 

Investigation is still actively going 
on, although the drug is already in 
full use in fields where it is found to 
be beneficial. It is, however, no cure- 
all; and so far, its use has been 
limited — even in cases where, in the 
laboratory, it has been found to kill 
t he germs of certain diseases — by the 
diflicuity — the impossibility in some 
cases-— of bringing it into contact 
with the germs in their lairs in the 
human body. For example, penicil- 
lin has been found destructive to the 
l)acteria which accompany menin- 
gitis; but whereas, when injected, the 
drug was found in the blood and the 
urine, and was excreted in the bile, 
it was found only in a trace in the 
saliva, and not at all in the tears, the 
pancreatic juice or the cerebrospinal 
fluid. Thus the failure of penicil- 
lin to penetrate into this latter fluid 
greatly limits at present its useful- 
ness in the treatment of meningitis. 

A Selective Drug 

Penicillin is what is called “ highly 
selective that is, some species of 
bacteria are very susceptible to its 
action, while others are almost un- 
harmed. Some groups which are 
susceptible are those associated with 
boils and carbuncles; with sore 
ihroat, wound sepsis and puerperal 
fever: with pneumonia; with tetanus, 
diphtheria, anthrax, gonorrhoea and, 
as has been said, meningitis. It is ad- 


ministered in a number of ways ap 
propriate .to the effect desired and ic 
the locality to which application is 
directed. It is injected into the 
muscle- tissue, either at intervals, or 
by a continuous gentle flow. It is in- 
jected into a vein by either of the 
above methods, and into other parts 
of the body by rather elaborate sur- 
gical technique. It is also applied 
locally, and this is the method which 
has chiefly been used in the treatment 
of war wounds. 

Administering Penicillin 

For instance, solutions of the. 
drug are introduced into deep 
wounds by means of a simple tube, 
while in surface wounds, a special 
powder — a mixture of penicillin and 
one of the sulphonamide drugs — is 
blown on to the whole affected area. 
These surface wounds, as well as 
burns, are also treated with creams 
containing the drug. 

Streptomycin. But even the sulpha 
drugs and penicillin, which have 
saved thousands of lives, do not end 
the story, for a newer drug called 
streptomycin has been synthesized. 
This is said to be effective in cases 
.where penieillin and the sulpha 
drugs are not. It is certainly very 
promising, and so far as they have 
gone, the experiments and trials 
have disclosed few limits to its power 
of killing disease germs. 

In Toronto streptomycin was tried 
out on 66 soldiers suffering from 
severe infections of the urinary tract. 
They were each given a dose, and 
within twenty-four hours all the 
harmful germs were killed. 

In animals, too, streptomycin has 
proved very effective in dealing with 
cases of tuberculosis; ])ut it does not 
necessarily follow that it will provide 
a cure for tuberculosis in mam 
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CHAPTER XV 

The Respiratory Gases 

THE NITROGEN OF THE AIR— THE TRAGEDY OF MANKIND. THE 
NITROGEN MYSTERY AND ITS SOLUTION. OXYGEN. LIFE AT ALTITUDES 
ABOVE 13,000 FEET. CARBON DIOXIDE. CARBON MONOXIDE. CAR 
SICKNESS. THE WATER VAPOUR OF THE AIR. 


M an walks about at the bottom 
of an immense ocean of air, the 
atmosphere surrounding the earth. 
At the bottom of this ocean man lives 
like a deep-sea fish in the depths of 
the Atlantic Ocean. The air is a 
mixture of various gases, consisting 
of about 79 per cent nitrogen, 50 per 
cent oxygen, 1 per cent rare gases 
such as argon, helium, and neon, and 
0.3 per cent carbon dioxide, with 
traces of ararnonia and other impuri- 
ties. Both nitrogen and oxygen are 
colouiiess and tasteless gases. Man 
needs 8 grammes (about ^ oz.) of 
nitrogen daily, since protein is a 
nitrogen compound and the body 
uses up 50 grammes of protein daily 
.'which' 'must be replaced. 

Since protein is needed to build 
])rotopiasm, no creature can live 
w i 1 1 1 on t n i trogen . An animal can be 
over-fed with foods lacking in nitro- 
gen, such as fat, sugar, and starch, 
yet it will die because it cannot build 
up its necessary proteins. On the 
other hand, a dog can be kept alive 
on a diet consisting exclusively of 
amino acids, the nitrogenous com- 
pounds from which proteins are 
cons! meted, because fats and carbo- 


hydrates, the two other chief constitu- 
ents of the body, can be formed from 
protein. 

The quantity of nitrogen con- 
tained in the atmosphere surround- 
ing the earth is immense. It has lieen 
estimated that the air over the city 
of London contains sufficient nitro- 
gen to make 15 thousand million 
tons of saltpetre. With this quantity 
the nitrogen needs of the world 
could be satisfied for several thou- 
sand years. But neither plants nor 
animals nor man can use atmo- 
spheric nitrogen to supply the 
needs of the body; truly, one of 
the most remarkable facts of 
natural history. Nitrogen is an inert 
dement which does not enter freely 
into combination witli other ele- 
ments or compounds. Just as a ship- 
wrecked person, floating about on 
the ocean, may die of thirst in the 
midst of immense quantities of ^vater 
because the body cannot use sea 
water, so we, living as we do at the 
bottom of an ocean of air and in- 
haling 60,000 cubic inches of nitro- 
gen daily, cannot utilize one ounce ol 
it even though it is as essential for 
us as fuel for a stove. One of the 
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greatest evils in the world is hunger. 
Billions oL' plants and animals go 
hungry and starve to death every 
year because they lack nitrogen. 
Gountless liiiman beings have starved 
to death, and at this very hour thous- 
ands are hungry -and haven't enough 
to eat. All of them are hungry for 
nitrogen, for protein, the dearest of 
all foods, and yet they stand at the 
bottom of a nitrogen ocean. This is 
probably the greatest paradox of ter- 
restrial life, and at the same time 
the greatest tragedy of mankind. 

The Nitrogen Mystery and its 
Solution. Fundamentally life is a 
reciprocal robbery of nitrogen. Man 
eats animals, and animals feed on 
plants. The plant is the ultimate 
source of nitrogen for all animals. 
Stock-farming and agriculture are 
nitrogen-producing industries. Each 
grain of wheat is a small box filled 
with nitrogenous food, each pea a 
little sack hlied with nitrogen, and 
every fruit a jar containing sugar and 
nitrogenous protein in its juice. 

Nitrogen of the Soil 

Where do plants get nitro- 
gen? If a plant is set out in earth 
lacking nitrogen, it starves to death. 
The plant obtains its nitrogen from 
the soil in the form of nitrates. The 
quantities which it removes from the 
soil are enormous. A wheatfield of 
2.5 acres removes 220-660 pounds of 
nitrogen annually from the earth. 
The soil must replenish its supply, 
for if plants should rob it of its 
nitrogen, and the latter were not re- 
placed, the soil would soon be so im- 
poverished that not even a blade of 
grass could be found on the earth. 
Plants are not the sole factor in the 
impoverishment of the soil. Water 
in the form of rains, springs, and 
rivers also washes the nitrates out of 


the earth. It has been estimated that 
rivers carry <S8 thousand niiilioti 
pounds of nitrogen into the oceans 
annually. On the basis ol these facts 
one would have to conclude that this 
loss of nitrogen impoverishes the 
soil, and that the oceans become 
saturated with nitrogenous salts, just 
as has happened with ordinary sea 
salt. Actually, however, there is a 
nitrogen equilibrium in nature. 

Root Nodules 

The mechanism by which lit is 
equilibrium is maintained remtiined 
a mystery until an apparently insigni- 
ficant observation revealed the solu- 
tion. Farmers have long known that 
the fertility of a soil can be increased 
by the growth of almost any legumin- 
ous crop. The production of such a 
crop is accompanied by an actual in- 
crease of nitrogen in the soil in which 
it is grown. It was observed that tlie 
power of legumes, such as lupines 
and beans, to enrich soil with nitro- 
gen was due to the pi'esence of small 
nodules on the roots [Fig. 150 (B)] 
and that these nodules were infec- 
tious in origin. Thus beans grown 
in sterilized sand grew very feebly 
unless nitrogenous xnateriais u’ere 
added to the sand, lliesc })lams 
were also free of nodular infection. 

If, however, an infusion of the 
nodules obtained from the roots of 
another plant was added to the 
sterilized sand, the beans grew luxuri- 
antly and developed nodular ex- 
crescences on their roots. When t hey 
were removed from tlie sand it ’was 
richer in nitrogen than it had been 
at the beginning of the experiment. 
Examination of the nodules revealed 
that they consisted for tlie most pari 
of bacteria. These bacteria live as 
parasites on the roots of leguminous 
plants, and feed on the protein of the 
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plant roots. Yet they are by no means 
simply lazy parasites. They have a 
dehnite occupation, since Ihey are 
able to bind and assimilate the iree 
nitrogen of the atmosphere. In the 
course of a summer a colony of these 
bacteria can trail sforni 0.17 ounce of 
atmospheric nitrogen into nitrates. 


tent and the greatest nutritive value 
of all plant foods. Nitrogen bacilli 
live not only in the roots of legumes, 
however, but also in a great variety of 
soils. These organisms can bind free 
atmospheric nitrogen itself, thus 
gradually enriching the soil. Nitro- 
gen bacilli are also to be found in 



Fig. 150. The nitrogen cycle m nature. (A) nitrogen oj the air; (B) nitrogen-fixing 
bacteria of the soil and certain plant roots, leading to the nitrogenous products of 
agriculture (I) and stock-raising (2); (C) bacteria that decompose nitrates in the 
ocean, thus providing nitrogen for the plankton, the principal food of fishes (3); (D) 
return of nitrogen to the atmosphere. 


'The plant absorbs these nitrogen 
compounds through its roots, but it 
is unable to use ail the material 
manufactured by the nodules. In 
consequence the excess remains in 
the soil, tiiiis enriching it with nitro- 
gen. Since the nitrogen bacilli have 
a predilection for the roots of 
leguminous plants, meml)ers of this 
group, such as Icmlils, peas, and 
beans, have the highest protein con- 


the ocean [Fig. 150 (C)]. Their func- 
tion is exactly opposite to that per- 
formed by the bacteria of the soil. 
Unlike their brothers on land, they 
do not bring atmospheric nitrogen 
into combination to form nitrates, 
but instead they split up nitrates, 
liberating the nitrogen contained in 
these compounds. Thus the nitrogen 
which had been carried into the 
ocean is returned to the a into sphere. 
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These bacteria are eaten by the crea- 
tures of the oceanic plankton, and the 
latter in turn are eaten by small 
crabs, snails, and worms. Fish feed 
on these animals, and the fish them- 
selves serve as food for man [Fig. 
150 (g)]. On land man grows plants 
that obtain nitrogen from the soil, 
in the ocean he catches fish in which 
the nitrogen treasures of the ocean 
have been stored — it is evident that 
life is a continual hunt for nitrogen. 
And, at bottom, man lives by the 
grace of a bacillus which is so small 
that the human foot cannot crush it 
even when it steps on it. 

Oxygen. In contrast to nitrogen, 
oxygen is chemically very active. 
Most compounds in the earth's crust 
contain oxygen; | of the weight of 
water, more than 50 per cent of the 
weight of the earth’s crust, and moi'e 
than 50 per cent of the weight of 
a human being are due to oxygen. 
The rapidity with which oxygen 
attacks other compouiids is phen- 
omenal. It smashes a molecule and 
combines with the fragments. This 
process is described as oxidation. 

Energy Waves 

Cut an apple or a potato in two 
and observe the cut surface. After a 
while it turns brown because the 
oxygen of the air acts upon the ex- 
posed molecules and breaks them up 
into simpler compounds possessing 
a brown colour. In the course of 
the oxidizing process the atoms acted 
upon vibrate and emit energy waves 
which impinge upon our senses as 
heat, and if the vibrations are shorter 
and more rapid, as light. An oxidiz- 
ing process characterized by die de- 
velopment of light and heat is known 
as combustion. Fire is produced by 
the union of oxygen atoms with the 
molecules of a fuel substance. Fuels 


are substances which unite so rapidly 
with oxygen that heat and light 
waves are produced. Light a candle,: 
In the ■burning wick oxygen is .unit- 
ing with the fat molecules of the 
candle. Now cover the candle with 
a glass jar. The flame becomes 
smaller, and as the last oxygen atoms 
from the atmosphere of the micro- 
cosmos under the glass jar are used 
up, the light is extinguished. Fire 
is a cosmic conflagration and destruc- 
tion in the molecular microcosmos. 

The Human Furnace 

Man is a machine which functions 
because of the desire ” which oxy- 
gen has to unite with other elements. 
Man takes oxygen and fuel sub- 
stances into his body, where oxida- 
tion takes place, producing heat. 
This heat makes human life possible. 
The intake of oxygen is called 
respiration; that of fuel, nutrition. 
The oxidizing processes in the 
human body do not take place slowly 
as on the cut surface of a potato, or 
as rapidly as in the burning caudle, 
but at ail intermediate rale, thus pro- 
ducing a body temperature of 98, b ' 
Fahrenheit. The human body is 
warm because combustion (oxida- 
tion) takes place in it; and this latter 
process occurs because it breathes. 
A breathing liuman being is a con- 
tinuous furnace in which the carbon 
of the ingested food is slowlv and 
uninterruptedly consumed through- 
out life by the oxygen of the inspired 
air at a constant temperature of 98.6 " 
Fahrenheit. A diagrammatic repre- 
sentation of this process is depicted 
in Fig. ns (I) and described on 
pages 139-140. 

Life at Altitudes above i^/)oo feet. 
The greater the distance from the 
earth, the more rarefied does the at- 
mosphere become and the smaller its 
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HOW MAN BEHAVES AT 
GREAT HEIGHTS 

Fig. 152. At an altitude of approximately 
20,000 feet the functioning of the human 
machine becomes complicated by serious 
difficulties — physical, mental and psycho- 
logical — owing largely to the rarity of 
oxygen in the atmosphere at such elevations. 

(a) The ascent at Paris of the balloon 
“Zenith" in 1875 terminated tragically 
with the death of two of the balloonists upon 
reaching an altitude of about 28,000 feet, 
because, as a result of mental confusion, 
they failed to make use of the safety 
appliances with which they were etjuipped. 

(b) The greatest altitude achieved on 
land without the use of oxygen was attained 
by Lt.-Col. Norton, an Englishman, with a 
height of about 27,800 feet, during the 
attempt on Mt. Everest in 1924. He was 
unable to travel farther because his mobility 
had diminished to suck an extent that he 
required an hour to traverse 275 feet oj 
normal terrain (“slow-motion” gait). 

(c) In the course of scientific expeii- 
ments in pneumatic chambers where the ah 
is rarefied to correspond to an altitude oJ 
23,000 feet, the subjects exhibit attacks oj 
frenzy or apathy. 

(d) Modern stratosphere flights up to 
heights of 74,000 feet are carried out m 
closed gondolas within which normal 
nttnnvnhpric conditions are maintained by 
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working of the body. When acdima- 
tizatioii is gradual and individuals do 
not, exert, themselves, they are able to 
maintain themselves in such a rare- 
fied atmosphere. The slightest exer- 
tion, however, such as opening a can 
or changing from a lying to a sitting 
position, causes extreme breathless- 
ness. Seven to ten breaths are neces- 
sary in order to take one step 1 Nor- 
ton took one hour to ascend ^75 feet 
of easy terrain at this altitude (b). 

In a rarefied atmosphere an in- 
dividual can move only in slow- 
motion tempo. Yet the greatest dan- 
ger is not breathlessness, or the diffi- 
culties of respiration, but rather the 
mental confusion into which people 
at high altitudes are thrown. They 
become careless, indifferent, and in- 
toxicated, or quarrelsome and irrit- 
able. There were oxygen-coiitainers 
fn Tissandier’s balloon, but owing to 
their mental confusion, his com- 
panions were unable to open them. 
At altitudes above 16,000 feet com- 
pletely unmotivated quarrels break 
out among friends, just as they do 
among drunken men. High-prin- 
cipled, honest athletes begin to brag, 
talk nonsense, and w^ave their arms 
about — at an altitude where every 
unnecessary motion must be avoided! 

Artificial AMtiide Conditions 

In modern research institutes the 
effect of high altitudes on the body 
is studied in pneumatic chambers 
(c). The air within such an appara- 
tus can be rarefied so that it corixs- 
ponds to conditions found at differ- 
ent altitudes. At heights over 19,500 
feet in these chambers individuals 
exhibit states of excitation which 
sometimes develop into attacks of 
frenzy. The increased oxygen star- 
vation of tire brain also produces 
failure of judgment and inability to 


co-ordinate muscular mbveiiients 
properly, so that a 111 an may no 
longer be capable C)t taking up a 
pencil. “ Most high-altitude catas- 
trophies are tragedies of parai\sed 
volition.” 

Individuals vary greatly in their 
sensitivity to altitude. Up to aliout 
13,000 feet no marked changes are 
noticeable. Then the symptoms of 
mountain sickness begin to appear: 
attacks of breathlessness, suffocation, 
severe headache, nausea or vomiting, 
confusion of thought, and a feeling 
of fullness in the upper abdomen. 

Mountain Sickness 

Most people gradually recover 
from mountain sickness if they re- 
main at a given altitude. By means 
of its internal regula tory inechanisms 
the body adapts itself to the changed 
conditions. If the individual moves 
to a different altitude, new attacks 
may follow, and ultimately the 
limits of the process of adaptation 
are reached. An individual will 
tolerate conditions at high altitudes 
better the more time he allows his 
body in which to adapt itself. An 
adapted person is 6,500 feet ahead 
of one whose body is not adapted to 
high altitudes; that is, the former’s 
body behaves at 53,000 feet as the 
latter’s does at 16,500 feet. The air- 
solute limit of adaptation is reached 
at 59,500 feet, above which life is im- 
possible unless oxygen tanks or sealed 
aeroplane cabins are employed, as in 
stratosphere flights (d). 

Carbon Dioxide. Inhaled oxygen 
(O2) combines in the body witix car- 
bon (G) derived from the ingested 
food to form carbon dioxide (CO,) 
[Fig. 115 (II)], This gaseous com- 
pound is excreted through the? 
lungs. An individual exhales about 
1,500 to 5,400 cubic indies of carbon 
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, dioxide in an iioiir, and' 30,500/to 
, 61.000 .cubic inches in the course of 
a day. The latter, quantity contains 
' .approximately as niuch carbon, as 
, „ ..two , to , three bituminous coal 
briquettes. In the course of a year 
„ a breathing individual could ac- 
cuniulate a supply of 1,000 bri- 
. , quettes if he we.re able to save and 
. , utilize .the carbon dioxide that he 
' , exhales [,Fig. 151.]. 

Like man, ail forms of combustion 
' machines— 'Candies, lamps, furnaces, 
steam engines, locomotives, automo- 
biles— give off carbon dioxide. A 
# metropolis exhales many million 
litres of carbon dioxide daily. At 
present the normal content of the 
atmosphere is 0.03 per cent; in cities 
it rises to o. 1 per cent and more. Car- 
bon dioxide is poisonous. In an at- 
rnospliere containing y per cent car- 
bon dioxide respiration becomes 
gasping, and when a concentration 
of 14 per cent is reached, man dies. 
It is' also a 'very }'ie.a'vy gas 'and i,n 
rooms carl>on dioxide in the air sinks 
to the floor. 

Nature’s Insalatioa 

Carbon dioxide is a poor conduc- 
tor of heat. We owe the temperature 
of the earth's surface to the inclusion 
of this gas in the atmosphere sur- 
rounding the earth. Without the 
covering atmosphere which siir- 
jouiids it, the temperature of the 
earth’s surface would be is"" Fahren- 
lieit. M'he atmospheric cxwer pre- 
vents a iieat loss of G8''. Some scien- 
tists suggest that slight variations in 
the carbon dioxide content of the 
atmosphere caused the Ice Ages, 
during which the average tempera- 
ture varied but a few degrees. 

The carbon dioxide exhaled by 
men, animals, and machines is taken 
out of the air by plant leaves [Fig. 


149]. The chlorophyll giranules of 
plants, whose green pigment is 
closely related to the red pigment of 
the blood, split the carbon dioxide 
by means of sunlight. The plant gives 
off the oxygen (O2) to the air, and 
the carbon (G) unites with water 
(H2O) to form sugar, 6 (C.H.O)^ 
CcHisOo, and starch, 15 (C.Hd))“ 

Vegetable Djiiaiiios 

Together, plants and animals keep 
the scale of life in balance. Plants 
are dynamos which under the influ- 
ence of sunlight charge the batteries 
of the cells with energy in the form 
of highly cliai'ged starch molecules. 
Man places these batteries in his 
body-car and goes for a drive by 
means of their power. A human be- 
ing can be placed under a glass jar 
together with a plant. If the sun is 
permitted to shine on it, the mechan- 
ism begins to function, Man exhales 
water vapour and carbon dioxide; 
the plant takes these two substances 
and with the aid of the sun's rays 
prepares starch, potatoes, or other 
products from them. The plant ex- 
hales oxygen. Man receives both the 
food and the respiratory gas and 
burns them in his body, exhaling 
carbon dioxide and w-ater. This 
per pe ilium mobile is terrestrial life. 

Carbon Monoxide, Carbon mon- 
oxide (CO), which in contrast to car- 
bon dioxide (GO2) contains only one 
atom of oxygen, is formed wherever 
there is not enough oxygen for car- 
bon to be completely consumed to 
CO2. It is contained in illuminating 
gas, and is formed as a result of pre- 
matui'e closure of furnace valves, by 
fires in closed rooms, in mine shafts, 
and as a result of incomplete com- 
bustion of petrol in an automobile 
motor. Theoretically the petrol 
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should he conipleielv consumed, 
I'orniing carbon, di.ox„ide , and water. 
11' tlie , motor runs, smoothly, ■ this is 
to a large degree the case.^^ In urban 
traffic, however, own’ng to slow driv- 
ing and the frequent stopping and 
starting of the motor, some of the 
petrol is only partially consumed, 
thus forming CO. In niodern cities 
several liundreds of thousands of 
quarts of carbon monoxide are blown 
into the air daily from automobile 
exit a lists. Carbon inon oxide is ex- 


of oxygen. At each breath of air 
containing carbon monoxide, rail- 
lions of blood cells are occupied and 
captured as if by a cunning loe. 1 ite 
respiratory flee t of 2 2 t o 25 million 
million blood cells is decreased bv 
the number of captured cells. Air 
containing more than 0.02 per cent ol 
carbon monoxide is injurious to 
health; a greater content is danger- 
ous or even deadly. 

Car Sickness. Persons who sit in 
automobiles for long periods fre- 



FiCi. 1 53 . Car sickness. The exhaust gases of a motor car contain the poisonous, odour- 
less gas carbon monoxide. When the engine is running a certain amount of this gas 
accumulates in the car, particularly along the floor . Car sickness, which produces headache, 
nausea and numbness, is a form of carbon monoxide poisoning. Children are parti- 
cularly susceptible, and should not he allowed to sit on the floor of a running motor vehicle. 


iremely poisonous. Oxygen already 
has a marked affinity for blood, pig- 
ment. The concentration of oxygen 
is sixty times greater in a blood cell 
leaving the lungs than it is in the 
respiratory air. Carbon monoxide 
surpasses oxygen one hundred and 
forty times in this respect! On com- 
ing in contact wdth the blood pig- 
ment carbon monoxide destroys it. 
It forms an insoluble compound with 
the pigment, rendering it perman- 
ently useless for the transportation 


quently complain of headache, 
nausea, and a feeling of fatigue, ihe 
entire condition exhibiting the char- 
acteristics of an intoxication. Tins 
'‘ automobile sickness ” is due to car 
bon monoxide poisoning. The air- 
pressure within a traveliiiig car is 
decreased, because the strong pull of 
the air currents created by the mov- 
ing car sucks some of the air out of 
the interior. The resulting partial 
vacuum draws up warm air mixed 
with exhaust gases, which collects 
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luuici' (he iioor of: the cur [Pig. 359,]. 
I'he odoi'ous gases are luipicasaiit, 
but iioi so dangerous. All (he vnorc 
(lui!ger(ius is (he coiuple(.e!y odour- 
less and iiuisible cai'hon monoxide. 
C 1 1 li 1 d r c 1 1 a 1 'c p r i u lu r i 1 \ e n d a n ge red 
because the) are closer to the lloor 
of an autoinolnie and are nioiT sus- 
ceptible to the gas. Under no circum- 
stances should children be allowed 

10 sit or lie on titc door of an autoino- 
l)ile so long as the motor is running. 
Xor should a Uiotor be allowed to 
lun in a closed garage. 

Geographical InOiiences 

77 n.' rapoiiroj I hr /Hr. The 

Imman body is a. vessel containing 

1 1 gallons oi; warm lliiid. By means 
of the luiigs this \esscl exposes a 
bi'oad surface— 2,15c' square feet! — 
to the outer ^vorId,, and has a single 
draughty chimney,, the windpipe or 
trachea. Considerable quantities of 
walei' evaporate through the trachea, 
just as a locomotive filled with warm 
water gives oif steam. If the outer 
air is warm, we do not see this steam, 
because the water immediately 
eva])orates. When it is cold, how- 
ever, the wrder vapour condenses as 
soon as it emerges from one’s mouth, 
like clouds in the cold sky. The air 


contains varying quantities of watei 
^'apo ur, depending on the geogra pin- 
eal location and the weather, which 
udfect our diealth considerably. 

Dry Air Healthier 

Sea winds and cyclones crossing 
the Atlantic from America to Europe 
carry moisture. As a result countries 
such as England and Holland, situ- 
ated directly on the route along 
which most cyclones cross the Atlan- 
tic, have a particularly moist climate. 
A similar situation exists in those 
parts of the northern Alps where the 
routes of the weather cyclones crcjss 
the mountains, and the accompaii)- 
ing rain clouds meet the mountain 
walls and lose their water in the forsn 
of rain. Districts on the shadow side 
of the mountains such as the Ticino, 
or far inland like the Russian 
steppes, are dry. 

In general people feel more com- 
fortable in a dry atmosphere tlum 
a Iiumid one. In a humid atmospliere 
the body loses less w^ater vapour, and 
water collects in the tissues. Owing 
to the decreased evaptnrition of water 
from the body in humid air, the body 
is not cooled as much, its heat 
accumulates, and the body tempera- 
ture is increased in consequence. 




NATURE’S VACUUM CLEANERS 

Fig. 154. The respiratory tract, from the nose as far as the lungs, is lined with 
ciliated cells. The minute cilia whip to and fro unceasingly, like a wheat-field in the 
wind, and. in doing so they remove dust from the air passages. Dust introduced into 
the lungs appears in the nose two hours later, A piece of ciliated tissue will creep out 
oj a bottle and travel over obstacles (F — R — S)) under the motive power of the cilia. 





CHAPTER XVI 


The Nose 

man's air APPA'RA'l’lJSES. THE NASAL CAVITY. PHARYNGEAL TONSII. 
and adenoids, the nose as a vacuum cleaner. ■ THE NOSE AS A 
STERILIZER. REMOVING DUST PARTICLES. THE REFLEX AND GOLDS. 


I N order io accommodate itself: to 
the aimosplicre in which it lives, 
the human body has developed a 
number o£ air apparatuses: the 
I'espiratoi'y apparatus, wdiich inhales 
air iVoni the atmosphere, removes the 
oxvgen from the inhaled air, and ex- 
hales the waste products; the respira- 
tory centre in the brain, which regu- 
lates the gas content of: llie blood 
and the rapidity of respiration; the 
temperature corpuscles of the skin, 
which measure the temperature of 
the air; the hair of the body, which 
makes us aware of draughts; the 
sweat glands, whose activity is adap- 
ted to the varying water-vapour con- 
tent of the air; the vocal apparatus 
of the larvnx, which produces air 
wa\cs: and ihe aiidiiory apparatus in 
(he car, which registers these air 
waves as sound. 

llie res])iratory apparatuses con- 
sist of the nose, trachea, hiiigs, dia- 
phragiu, and rif)s. 

Tlir N()>r. Tlie first apparatus 
through which the inhaled air passes 
is tile nose. 'The structure which we 
see as the nose in a face is only the 
atilerior ga!)le; indeed, it is actually 
onlv a ]>r()jccting room of the 
spacious misal ca\ity, which occupies 
the etitire central portion of the 
facial skull as far back as the ear. 
The (incf portion of this gable '' is 
cartilaginous, for a bony nose tip 


would break off as easily as the spout 
of a teapot, leaving a mutilated face 
[Fig- 155]- Nothing determines the 
impression made by a face as much 
as this projecting nasal structure. 
Children appear pretty to us because 
the form of their noses is not yet dis- 
tinctly developed. In consequence 
they are not so frequently disfigured 
by ugly noses as adults. 

A nose pi'ojecting out of the face 
is a specific characteristic of man. No 
animal has a projecting nose, nor did 
the earliest prehistoric man have this 
feature well developed. 

The Nasal Cavity. The nasal cavity 
is one of the most versatile and, be- 
cause it is so easily accessible from 
outside, one of the best investigated 
organs of the human body. Its task 
is the general preparation of the re- 
spiratory air for inhalation into the 
lungs. As a result of the activity of 
the nose the lungs always receive the 
same warm, moist air, cleansed to 
some extent of dust and germs, no 
matter whether the air outside is cold 
(.)r warm, dry or humid, dusty or 
clean. In the nasal cavity the outer 
air of the atmosphere is transformed 
into the air of the respiratory 
apparatus. 

The Nose as a Traffic Regulator of 
the Respiratory Air. First of all, the 
inhaled air must be subjected to tlie 
traffic regulations of the nose. It must 
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THE NOSE 


ai()n!„>; rerla in paths. Since the 
nasal oriliccs open doiviiward, the 
air nmsl rise' upward and describe 
a broad arc in flic ttpper part of the 
nasal c'a\ ity. It nmst remain in the 
nasal cavity for a long time, and pass 
all the stations where the air is sub- 
jected to various treatments. If a 
person loses the tip of the nose, the 
inhaled air does not rise upward, but 
instead is wafted directly backward. 
Since the olfactory area is situated 
in the upper part of the nose, and the 
stream, of air no longer rises upward, 
the indix'idiial loses his olfactory 
sense along with the tip of his nose. 

Warming the Air We Breathe 

The Nose as a Steam-Heating 
Systeni. On its way the air passes a 
number of scroll-shaped, overhang- 
ing structures projecting from the 
lateral walls of the nose, and known 
as the nasal concha:, dlie conclue are 
heating apparatuses, since they are 
traversed by blood vessels that radi- 
ate heat like hot-water pipes, thus 
warming the respiratory air. On its 
way from the nostrils to the pharyn- 
geal tonsils the temperature of the 
air rises more than The conchte 
not only heat, but also steam the in- 
haled air. Warm fluid exudes from 
numerous glands and Ivmpli spaces, 
evaporates in fhe warm inferior of 
the nose, and saturates the passing 
respiratory air ’with water vapour. In 
addition there is still another steam 
apparatus, fhe tear-dropper. In the 
wall of the orbital cavity is the tear 
gland, which moistens the eye. The 
tear fluid covers the surface of the 
eye and flows into the nasal cavity 
through the lacrimal point and canal 
silualcd in the inner corner of the 
eye. The fluid falls on the inferior 
concha, which is \varm and it causes 
it to evaporate ra]>idly so that tlie 


steam rises upward like a geNsej- 
[Fig. 156]. 

Pharyngeal Tonsil and JdenonLs. 
After the respirafory air has ]>ass(‘ii 
through the nasal cavit\ if ineets the 
posterior wall of the piuiryux and 
passes along the pharyngeal tonsil. 
This structure is composed of spong\ 
lymph tissue, and like the palatine 
tonsils frequently hypertrophies dur- 
ing childhood. Fly pert ropl 1 led 
pharyngeal tonsils are known a.s 
adenoids. Children wdio lui\e aden- 
oids exhibit characteristic sympt()ios. 
Since the adenoid growths block the 
nose, these children breathe through 
the mouth. A dull facial expression, 
open mouth, pinched nose, and a 
dead toneless voice all point to aden- 
oids,. These children are restless in 
their sleep, snore, and wake up fre- 
quently. As a result they are tired 
and listless in the morning and do 
poorly in school. Their memories are 
bad, and they do not progress in their 
studies. Because of the nasal ob- 
struction these children have little 
appetite, eat poorly, and are urider- 
nourished. This is especially true ^>1 
younger children. 

A Cause of Backwardness 

Where there has been a condition 
of marked nasal obstruction foi- a 
long time, children often develop a 
high arched palate. Notonly are fhese 
children cruelly treated b\ nature, 
what is even worse, \’crv often 
by their uncomprehending niiiieu. At 
school they receive ]>oor marks, and 
at home they are scolded and ha\(‘ 
their ears boxed because fhev e:it 
poorly, or because tliey forget lo bll^ 
something for which thev arc sent to 
the shops. Instead of scoldings and 
l^unishments such children need cod- 
liver oil, sunlight, and the removal 
of their adenoids, whereupon {lu*v 


asuillly i)cgiu U> llourish like ])oUed 
phiiiis llial arc reinovcd from a dark 
corner to a sunny window sill. 

llic Sose as a Vacuiuti Cleaner, 
While passino- lln-ougii the nose, the 
dust contained in the respiratory air 
is reinox ed at several different points. 
1^he hrst cleansing is carried out by 
the bristle hairs at the entrance of the 
nose [Fig. 156], Coarse dust particles 
are reinoNcd iiere. The bristles are 
situated in the vestibule of the nose; 
in the nasal cavity proper this lining 
is replaced !>y a delicate microscopic 
I a. ye r <_ >f c i 1 i at ed cells. The eii tire re- 
s[)iratory canal I'roni the nasal cavity 
to the air cliambers of the lungs is 
(overed wiih cells bearing delicate 
hairs, called cilia, on their surface. 

Creeping Tissue 

.\bout a do/en such cilia project 
from each ceil, nioving rhythmically 
back and forth like wheat on a wind- 
vswept held. During life they are in 
constant inoiion. lashing to and fro 
(juickly, twelve times per second. If 
a piece of die inner surface is re- 
moved from the throat of a frog im- 
mediately after it is killed, and is 
examined with a microscope, it pre- 
sents the appearance of a grain field 
when the wind l:)Iows on it [Fig. 154]. 
If tills preparation is kept and care 
is taken that it does not dry up, the 
cells may continue to exhibit tlie 
same action for as long as eighteen 
davs. if the piece of tissue is turned 
over so that the cilia are on the un- 
der surface, it begins to creep away, 
owing to the tnotive power furnished 
by tlie lieating cilia. In three hours 
it has crept off the talffe, and if an 
obstacle is placed in its path it creeps 
over it. Such a piece of tissue is able 
to creep out of a liotile in which it 
has been placed. The power which 
these ceils develop is astonishingly 


great: 0.15 square inch of ciliated 
tissue has the power required to raise 
0.2 ounce gJj inch cwxwy minute, and 
to set a weight of ounces in 
motion. If a ciliated cell were mag- 
nified to the dimensions of an auto- 
mobile and the power of its cilia mul- 
tiplied correspondingly, this aiito- 



Fig. 155 . The projecting part of the nose 
contains no bones, hut consists of soft 
tissue supported by plates of cartilage, A 
projecting nose is a peculiarity of man, 

cell would have the power required 
to dash away at a speed of 5,000 
miles per hour — that is, to run 
around the globe in one hour — and 
to run eighteen days before its in- 
ternal energy was exhausted. 
Removing the Dtisi from the 
Wmdpipe. Each little hair of a 
ciliated cell strikes with greater force 
in one direction than in the opposite. 
Since the direction of each stroke is 
the same for all the cilia on a surface, 
it is clear that any object on them 
will be moved in one direclion. In 
the case of the respiratory passages 
it is directed towards the outer work! 
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THE NOSE 





— that is, upwards towards the throat 
and the nasal cavity. Thus many 
dust particles that enter the respira- 
tory passages wdth the inhaled air are 
removed by way of the nose. Pure 
iiasal mucus is as clear as glass. The 
greyish-gTeen colour of the nasal 
mucus is due in part to microscopi- 


however, soot once more appears in 
his nose. This is dust which the 
ciliated cells have brought up from 
the depths of the lungs during the 
night. Ciliated tissue is a “ bucket 
elevator '' which works uninter- 
ruptedly in the body, carrying in- 
haled dust from the lungs to the 


Fig. 156. Nasal anatomy from within. If we could look down the inside of the nostril 
from above it would appear like this. The nasal orifice is surrounded by hairs that 
catch dust particles. The nasal turbinates rise like mountain ranges. Along their 
walls pass the tortuous vessels that warm the inspired air. The tear fluid which enters 
the nose evaporates on the warm turbinates; the resulting vapour is represented here in 
the form of a geyser, amid the weird nasal "‘Tandscape,'" 

cally small dust granules that are outer world. Every miniuc a human 

brought up from the windpipe by the being inhales several million dust 

cilia and carried into the nose. Aru- granules. Only the air over the ocean 

.)ne who comes home in the evening at a distance *of more than ( 3 oo miles 

liter a long trip in a sooty railway from a coast is dust-free. Even on 

:oach finds the mucus from his nose the peaks of the Alps each breath of 

)lack with soot. After cleaning the air contains 10,000 dust particles, 

lose until clear mucus appears he Each breath of pure country air car- 

hinks he has removed all the soot ries half a million dust particles into 

nd goes to bed. The next morning, the human resoiratorv oass;iP’es. 
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Every breath of good suburban air 

. contains 1^5 million particles, city 
air at the level of an adult’s head 
about 5 thousand million, and at the 
level of a child’s head 50 thousand 
uiillioh. Several million million 
dust particles fly about in a room 
which is kept clean, and if someone 
smokes in it he adds 4 thousand mil* 
lion more soot particles. 

Dangers of Dust 

Dust is very light; it takes many 
billion dust particles to make up a 
fraction of an ounce. But we breathe 
constantly and life is long. In the 
course of a lifetime a modern city 
dweller inhales about 45 pounds of 
dust into his lungs, and among 
workers in dusty trades, such as stone- 
masons, stokers, mink'‘s, cement 
workers, and grinders of all kinds, 
this quantity is increased to 100 
pounds and more. The lungs of dead 
persons tell us whether they lived in 
a coal-mining district or in some 
other region. 

But not every type of dust is 
injurious to health. The most dan- 
gerous of all is silica dust. Persons 
who work with siliceous rock with- 
out adequate protection succumb al- 
most without exception to lung dis- 
eases, and occupy a prominent place 
in all statistical compilations of occu- 
pational mortality. Marble is rela- 
^lively harmless because it is a calcium 
compound. In no occupational class 
are there so few workers affected with 
lung troubles as among those who 
work' with limestone or calcined 
gypsum, 

; The Nose as a Sterilizer, Innumer- 
able bacilli enter the nose together 
with dust. The walls of the nasal 
cavity are covered by the viscid 
mucus of the nasal glands. Many 
dust particles and bacilli stick to the 


mucous layer like flies to flypaper. 
Not only is this mucus sticky, but it 
is also antiseptic. 

The Reflex, When we close our 
eyes on going to sleep we are per- 
forming a voiimtary act. If a coal 
particle flies into an eye we must close 
it immediately whether we want to 
or not. This closure of the eye is 
not an “ act,” but a compulsive move- 
ment, The body responds to a stimu- 
lus with a reaction without consult- 
ing the individuars volition, just as 
a ray of light is reflected by a mirror. 
In contrast to a volitional act, this 
automatic movement is known as a 
reflex. A reflex is an automatic re- 
sponse by the body to an external 
stimulus, uninfluenced by the in- 
dividual’s will. The nervous impulse 
which initiates the reflex does not 
pass through the brain but through 
a number of lower nerve centres 
known as reflex apparatuses. 

Asthma and Spasms 

Such reflexes may be produced by 
stimulating various parts of the body, 
including the nose. If the nasal 
conchae are oversensitive to stimuli, 
they give rise to spastic conditions of 
various organs — for example, the 
trachea and the bronchi, producing 
asthmatic attacks. Morbid conditions 
resulting from an extreme sensitivity 
of the nerves without any correspond- 
ing pathological state in the affected 
organs are called neuroses. When 
neuroses arise because of the disturb- 
ance of reflex apparatuses such as the 
nasal conchx* they are known as reflex 
neuroses. The nasal con clue are con- 
nected by various nerve paths with 
many oi'gans in the body, and when 
stimulated give rise to such reflex 
neuroses as spasm of the glottis, spas- 
modic cough, migraine, and epilepti- 
form attacks. These reflex neuroses 
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can often be cured simply by cauteriz- 
ing the sensitive spot in the nose* 

The Reflex ColcL The reflex path- 
way from the nasal conchae to the 
organs of the body conducts impulses 
in two directions. If a hot-water 
bottle is placed on the abdomen, not 
only does the abdominal skin be- 
come red, but the nasal conchae as 
well* Conversely an ice bag on the 
abdomen causes the conchae to con- 
tract. An ice bag on the abdomen 
is a rather infrequent occurrence, but 
the sole of the foot frequently be- 
comes ice cold.’' Similar stimuli 
emanate from the sole of the foot. 


If the feet are warm, the nasal conduc 
are well supplied with blood and arc 
warm; when the feet are cool the con- 
cine become pale and cold. Two 
sisters go out on a rainy day* One 
of them puts on goloshes, keeping her 
feet warm and dry [Fig. 157]. Fhc 
soles of the feet maintain a tempera- 
ture of 90° F., the nasal conchte are 
well supplied with blood, the in- 
haled air is mixed with water vapour, 
the glands pi'oduce sufficient quanti- 
ties of mucus, wdiich kills the inhaled 
bacilli; the inhaled air is warm, 
moist, and sterile when it enters the 
lungs. Nothing happens to the young 


Fig. 157. Warm feet are a protection against catching cold. The sole of the foot 
is a reflex apparatus which initiates numerous postural^ motor and respiratorv reflexes. 
If the feet are warm, the nasal turbinates are well supplied with blood; they remain warm 
in their turn and i>euete enough mucus to warm and moisten the inhaled air and kill 
bacilli. Thus the air is moist,, warm and sterile by the time it enters the lungs. 
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CATCHING COLD 



When the feet are cold, the nasai luruu.u... 
md the nasal glands stop Ms^eallf^e 

nmrp bacteria than usual, tor mis » 

7,7, Z St. rfc »» 

sation in her throat and does not feel 
well. She feels chilly and busies her- 
self making some hot lemonade She 
has a head cold and a *^^^5 
because her feet got wet. A ^rehex _ 
cold. The consequences of wet, cold 
feet are not always a head told or 
laryngitis, but may also lead to an 
inflammation of the 
lungs, depending on the sensitivity 
or constitution of the patient. ^ 
The olfactory functions of &e nose 

are discussed in Chapter XaXIX. 


les dry air which contains 
danger of catching C6.v. . 

o sit comfortably 

iiiing to the radio, 
however, goes out 
_ ig. 158]. Her feet 
wet and cold, producing 
■eflex stimuli that act on the 
The nasal conchx contract 
;;d their blood-supply 
that they become pale and coo . 
glands stop secreting and ^e baalh 
are able to advance to naso^ 

Dharvnx and flourish there. In the 
the srirl has a scratching sen- 


girl, who is able t 
in the evening Uste 
The other sister, 
wearing sandals [F 
become 
strong r 
body. 









THE LUNGS— CHIEF ORGAN OF BREATHING 
Between the sectioned lungs are seen the trachea ( a ) , heart (hj and bronchial 
Below is the bronchial '''tree" under (d) low and (e) high magnification. 


CHAPTER XVII 


The Lungs 

TRACHEA AND GLOTTIS. THE RESPIRATORY CHAMBERS. ASTHMA AND 
EMPHYSEMA. THE PLEURA. THE GASEOUS EXCHANGE. MAN DOES 
NOT SINK IN water! THE RESPIRATORY CENTRE. 


F rom the nasal cavity the in- 
haled air is conveyed to the lungs 
through the trachea or windpipe 
[Fig. 159 (a)]. This structure con- 
sists essentially of a memtoanous 
tube about 4 inches long in which 
annular cartilages are embedded* so 
that it will not collapse. At the 
upper end of the trachea is the larynx 
or voice box. The vocal organ is 
situated between the trachea and the 
root of the tongue, and presents the 
form of a triangular box flattened 
behind and at the sides. It is com- 
posed of cartilages connected by 
ligaments and moved by numerous 
muscles. The interior of the larynx 
is divided into two parts by the vocal 
cords, between which is a narrow 
triangular slit, the glottis. The glottis 
is the ^vatchful entrance to the 
trachea, which can be closed when- 
ever necessary. At the slightest touch 
it closes the trachea against the out- 
side world. 

Nature’s Defence 

Not only is the glottis exceedingly 
sensitive to inhaled dust particles or 
swallowed fishbones, but also to 
irritating gases. Even if we want to, 
we cannot inhale chlorine or am- 
monia. These noxious gases auto- 
matically close the glottis, because 
they are irrespirable. Certainly a 
clever trick on the part of Nature, 
but unfortunately there are other 


gases that are even more poisonous, 
but which do not irritate the glottis 
and pass through it unnoticed. 

The Respiratory Chambers. At 
the level of the heart the trachea 
ramifies until it has divided into 
about 25 million delicate branches, 
each g'g in. in diameter. Each branch 
divides like a brush with its bristles 
into u to 20 terminal branches. Each 
terminal branch expands at its blind 
end to a respiratory chamber. The 
spherical respiratory chambers hang 
from the terminal branches like 
grapes on a stalk (d). 

Berry-like Structures 

To form an idea of these examine 
a cauliflower head and see how the 
central trunk branches out, and how 
small berry-like structures are at- 
tached to the ends of the most deli- 
cate branches. The lung has an 
analogous structure. To be sure, 
every little “ cauliflower ’’ piece in 
the lungs is no larger than the head 
of a pin, and altogether 400 million 
berries are attached to the ends of 
the branches of the windpipe as 
respiratory chambers. 

Asthma and Emphysema. Like the 
blood vessels, the branches of the 
trachea, or bronchial tubes, have 
walls consisting of smooth muscle 
fibres that regulate their width. An 
asthmatic attack is a spasm of the 
bronchial musculature, so that it is 
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Fig. 1 60. The flame of life. The rate at which oxygen is burned in the body depends 
upon the degree of muscular activity. When the body is recumbent and at rest, the vital 
processes are slowed down, and the organism requires only about 480 cubic inches of air 
per minute. Increase of activity entails acceleration of the vital processes and a propor- 
tionate increase in air consumption — even to as much as 3,000 cubic inches per minute. 


the bronchial tubes become dilated 
if the muscles are stretched too often 
by frequent exertions. Musicians 
who play certain wind instruments 
for many years, and people with 
chronic bronchial catarrhs are affec- 
ted by this dilatation of the bronchial 
tubes, which can lead to a barrel- 
shaped distension of the tho-rax 


cavity which is kept moist so as to 
lessen friction between the surfaces 
during respiration. The pleural sat- 
is airtight and contains no air, thus 
helping to keep the lungs distended. 
In breathing, die diaphragm is 
drawn downwards and tiie ribs later- 
ally, thus expanding the ihoracic 
cavity and distending the lungs like 


only with the greatest difficulty that 
an individual can breathe against 
the resistance of the spastically con- 
tracted muscle rings. Owing to the 
narrowness of the passageways, dur- 
ing the attack the air whistles audibly 
in passing through them. Conversely 


known in medicine as crnplnsema. 

The Pleura, The lung is covered 
by a membraue known as the pleura, 
which f)ears the same reia}i{m to it 
as the pericardium docs (o the heail 
[Fig. ! 17 ]. Tiie pleura of each lung 
forms a closed sac surrounding a 
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WHAT HAPPENS , WHEN WE BREATHE 


Fig. 161 . The human body does not sink in water, if it remains quietly relaxed. The 
head, thorax and abdomen all contain gases which make the body buoyant and keep it afloat. 


the bellows of an accordion. The 
respiratory chambers expand to three 
times their resting size, the air in 
them becomes rarefied, and owing to 
the pressure of the atmosphere the 
outer air enters the trachea and its 
branches. When the diaphragm re- 
laxes and moves upward, the chest 
cavity diminishes, the thoracic walls 
press on the lungs, and we exhale. 

The Gaseous Exchange, The large 
blood vessels that carry blood con- 
taining carbon dioxide from the 
heart to the lungs ramify together 
with the bronchial tubes, breaking 
up into millions of branches. The 
400 million terminal branches of the 
bronchial tree are accompanied by an 
equal number of capillaries that sur- 
round the respiratory chambers with 
vascular networks resembling the 
wickerwork baskets around the car- 
boys in which chemical companies 
ship their products [Fig. 159 (e)]. But 
blood does not leave the vessels. The 
gaseous exchange takes place through 


the thin walls of the capillary and 
the respiratory chamber according 
to the law of gas-pressure. The ex- 
cess carbon dioxide (CO2) passes from 
the capillary to the respiratory cham- 
ber, while the oxygen (O2) travels in 
the opposite direction. It takes one 
second for a red blood cell to pass 
around a respiratory chamber. Dur- 
ing- this second the blood gives up its 
c^bon dioxide to the air of the 
respiratory chamber, while the blood 
cell withdraws the oxygen from the 
respiratory air and passes on towards 
the heart with it. 

The general mechanism of respira- 
tion and gaseous interchange are re- 
presented in Fig. 16a in the form of 
a “ factory ” where all the operations 
are co-ordinated. Air (1) flows 
through the nose (o), pharynx (3) 
and trachea (4) into the lungs (5). 
Here, oxygen from the air passes 
into the blood (6). Carbon dioxide 
leaves the blood (7), rises through 
the trachea (8) into the mouth (9), 
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52 . The interchange of gases in the “factory" of the lungs, 
show the path of oxygen molecules of the inhaled air; ascendin 
molecules of carbon dioxide. For full explanation^ see Paget 


KEEPING AFLOAT 


and is exhaled into the air (lo). 

At (g) and (b) are seen the cham- 
bers of the heartj containing oxygen- 
ated and carbon dioxide-laden blood 
respectively; (c) is the pulmonary 
artery. The regulators and switch- 
boards represent the respiratory 
centre in the brain which controls 
the whole mechanism of breathing, 
by means of nervous impulses. 

Breathing Capacity 

When moderately filled, tlie lungs 
contain 180 cubic inches of air. As 30 
cubic inches of air are inhaled with 
each respiration, one sixth of the 
air is always being changed, guaran- 
teeing a slow, even gaseous exchange 
without any considerable pressure 
variations in the terminal chambers. 
A person when recumbent uses 
about 480 cubic inches of air per 
minute, when seated 960 cubic 
inches, while walking 1,440 cubic 
inches, and in running 3,000 cubic 
inches per minute [Fig. 160]. In 
the course of a day an individual 
breathes about 375 cubic feet of air. 
As a result of athletic training the 
respiratory capacity of the lungs can 
be considerably increased. Oarsmen 
achieve the greatest respiratory 
capacities. 

Man Does not Sink in Water I The 
specific gravity of the body is almost 
the same as that of water. The mas- 
sive parts, the arms and legs, are 
heavier; the trunk with the gas-filled 
intestines and the air-containing 
lungs, and also the head with the air- 
filled nasal cavity and its accessory 


sinuses, are lighter. If a person lies 
quietly on the water, the arms, legs, 
and head sink downward; the abdo- 
men, chest, and face remain above 
water [Fig. 161]. The head usually 
sinks so far that the mouth, nose, and 
eyes just remain above water, while 
the ears are covered by it. A person 
who is not afraid, but slides C|uietly 
into the water on his back, breathes 
easily and deeply so that his lungs 
will be well filled with air, and does 
not disturb this floating position, will 
not sink and can remain for several 
minutes in this “ dead man’s float.” 

The Respiratory Centre. In the 
medulla oblongata of the brain is a 
nerve centre, whose ceils send a con- 
stant stream of nervous impulses to 
the diaphragm and the intercostal 
muscles stimulating them to contract. 
If the blood lacks oxygen the current 
becomes stronger and w^e must 
breathe more rapidly and deeply. 
This is called the respiratory centre. 

Respiratory Control 

We may imagine that we breathe 
involuntarily, or that our thorax 
breathes. As a matter of fact, we can 
actually accelerate or slow down our 
respiration to some degree by an 
effort of the wdll. By this means, 
trained divers can remain under 
water as long as four and a half 
minutes. The actual exchange of 
gases in the lungs is, however, out- 
side our control, and is regulated b)' 
the respiratory centre in the brain, 
which functions automatically, with- 
out our conscious participation. 



.SOiAL 


A MASTER MUSICAL INSTRUMENT 

Fig. 163. Man's principal vocal organ — the larynx (I). The cricoid cartilage (a) 
forms the base of the larynx; (b) is the thyroid cartilage and ( c) the epiglottis, which 
forms the "'roof." The right arytenoid cartilage (d) and its fellow are rotated upon 
their bases by delicate muscles (e), tensing the vocal cords (f) and so varying the width 
of the glottis (g). The technical model (II) shows the mechanism of rotation of the 
two arytenoid cartilages and the opening and closing of the epiglottis. 



CHAPTER XVIII 


The Vocal Apparatus ;; 

THE LARYNX. THE VOCAL CORDS. CHANGE OF VOICE. THE 


RESONATING SPACES. THE VOICE. 

T he larynx, which contains the 
vocal apparatus, is situated on 
top of the trachea like a chimney-pot 
on a chimney [Fig. 163]. It consists 
of a framework of cartilages, and can 
be felt by the fingers in the front of 
the neck. At the bottom is the ring- 
shaped cricoid cartilage upon which 
the structure rests like an egg on the 
edge of an egg-cup (a); in the centre 
is the broad, shield-shaped thyroid 
cartilage (b), which consists of two 
plates meeting at an angle in front, 
but separated at the back so as to 
leave a V-shaped space in which most 
of the other cartilages are situated; 
and above them is an overhanging 
cover, the epiglottis (c), which is 
lowered to cover the larynx during 
the act of swallowing so that the food 
bolus crosses the respiratory passage- 
way as over a drawbridge [Fig. 180}. 

Coughing 

If there is a mishap at this bridge 
so that the bolus enters the windpipe 
instead of the gullet, it gives rise to 
violent respiratory movements in- 
tended to expel the foreign body 
from the windpipe. In other words, 
it brings on what we all know as a 
fit of coughing. Coughing is a de- 
fence mechanism of the respiratory 
apparatus against foreign bodies of 
all kinds— food, 'mucus, inflamma- 
tory products, dry air, irritating- 
gases, and the like. The act of cough- 
ing consists in a deep inspii'ation fol- 


SPEECH. THE LIPS. THE TONGUE. 

lowed by a quick, violent expiration. 
The glottis is first closed and then 
suddenly opened so that the air con- 
tained in the windpipe is violently 
expelled along with any foreign mat- 
ter present. 

The Vocal Cords. Within the 
framework of the larynx the two ary- 
tenoid cartilages are situated like 
Egyptian pyramids on the upper 
edge of the posterior portion of the 
cricoid ring (d). 

Precision Mechanism 

The bottom part of each of the 
arytenoid cartilages is triangular and 
forms a rotating joint with the 
cricoid, within which it can be moved 
back and forth to some degree, by 
means of very delicate muscles. Two 
bands of elastic tissue, the vocal 
cords (f), pass across the respiratory 
canal from the anterior edge of each 
arytenoid cartilage to the angle 
formed by the two sides of the thy- 
roid cartilage. . The cords consist of 
highly elastic fibres; they may be 
said to be violin strings of the best 
quality. The space which remains 
open between them is the glottis (g). 
The arytenoid cartilages and the 
vocal cords are moved by sixteen 
muscles, which in their entirety form 
the most delicate muscle apparatus 
of the body, a true precision mechan- 
ism. They rotate the arytenoid car- 
tilages, thus tensing or slackening 
the cords, and making it possible 
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for them to assume altogether about sound [Fig. 164]. If ibe V(X,;al cords 

are moderately tensed, so that they 
vibrate about' 80 times per second 


170 positions. In order to produce a 
sound, the arytenoids are placed in 
such a position that the glottis 
opens at a certain angle, thus creat- 
ing a degree of tension in the vocal 
cords just as a violinist does in tun- 



Fig. 164. The human vocal apparatus is 
analogous to a douhle-reed wind instrument. 
Abdominal pressure (a) pushes the dia- 
phragm (b) upward against the air-filled 
thoracic cavity (c). Thence a column of 
air is forced through the trachea (d)^ in 
which are situated the vocal cords (e); by 
their vibrations, these break up the air into 
sound waves (f) . In the mouth and 
resonant sinuses (g) the sound waves are 
combined into musical tones. 

ing his strings. Now a precisely 
determined quantity of air is blown 
upward through the glottis at a cer- 
tain velocity by means of precise 
movements of the diaphragm and 
the intercostal muscles. Under the 
impact of this stream of air the vocal 
cords begin to vibrate, causing the 
column of air within the respiratory 
passages to vibrate. We hear the 
vibration of the column of air as a 


and .the amplitude of the v!l')rations 
is large, 'dong waves are produced 
which are heard as deep tones. 11 
the cords are tigluly tensed, they 

vibrate rapidh, times per 

second, giving rise to short \va\es 
and high tones. 

Change of I'oire, A child lias a 
small larynx with, short vocal cords, 
it produces short air waves and com 
sequeiUly the child has a high 
pitched voice like a violin. At 

puberty the laryttx f>egins lo grow 

and the vocal cords !)e('ome longer: 
in an adult female they are alrm>st 
-t inch long; in an adult male inch. 
In consequence the voice changes, 
becoming deeper, in boys growift 
is so rapid and the diiierence in the 
size of the musical instrument in the 
throat is so great that they cannot 
get used to it and often lose control 
of the voice. This phenomenon is 
commonly called “ the breaking of 
the voice.” While the general pitch 
of the adult voice is dependent on 
the length attained by the vocal 
cords, each voice has a certain range 
which determines to which class it 
belongs. On this basis voices may 
be divided into six groups: bass, 
baritone, and tenor for men, contr- 
alto, mezzo-soprano, and soprano foj- 
women. Female voices are pitclied 
about an octave higiser than male 
voices. A child may be compared to 
a violin, a woman to a viola or a cello, 
and a man to a double-bass. 

Regarded as a musical instrument, 
the larynx is a combination of violin 
and wnnd instrument which is non- 
existent among man-made instru- 
ments. It is a wind instrument be- 
cause it is set in motion by an ex- 
piratory current of air. However, 
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the tongues that vibrate under the 
impact of the blast of air are cords 
like violin strings. 

The Resonating Spaces. If a tone 
is produced on a trumpet and an- 
other of equal pitch on a violin, the 
pitch of the two tones is the same 
but their quality or timbre is very 
different. The arrangement of the 
air emanating from each instrument 
is not a simple series of waves, such 
as arises behind a ship’s propeller, 
but rather a combination of waves 
such as is produced when the waves 
from the ship’s bow and propeller 
meet far away from the ship, or like 
the ripples produced by a wind on 
the surface of a body of water. The 
tone produced by a violin is not a 
simple wave structure created by 
vibrating strings but a tissue of tones 
arising from the vibrations of the 
entire instrument. By means of the 
sympathetic vibrations of an environ- 
ment shaped according to definite 
laws and known as a resonating 
space — for example, the wooden 
sounding board of the violin and the 
metal structure of the trumpet — 
over- tones are produced which trans- 
form the simple tone of the vibrating 
strings or tongues into a complex 
tissue of tones. In contrast to pitch 
this is called quality or timbre. 

The vocal apparatus es a musical 
instrument with wails consisting of 
bones, muscles, and moist mucous 
membranes, and equipped with 
numerous resonating membranes, 
walls, and air spaces [Fig. 165]. Above 
each vocal cord is a depression 
bounded by a prominent edge known 
as the false vocal cord, which forms 
the first and closest resonating space 
of the vocal apparatus. The other 
resonating spaces are th# windpipe 
(6), the lungs (7), and the thorax be- 
neath the iarynx, and above it the 
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pharynx (5), the oral (4) and the 
nasal cavities (2), as well as the access- 
ory nasal sinuses (1). If the thorax 
resonates, the voice is produced in 
the chest register; if the resonating 
spaces of the head are used, the voice 
changes to the head register. The 



Fig. 165. The resonating spaces of the 
human vocal apparatus: (1) the frontal 
sinuses, (2) the nasal cavities, (3) the 
maxillary sinuses, (4) the oral cavity, 
(5) the pharynx, (6) the trachea, (7) the 
lungs. At (L) is the larynx. 

range and the quality of a voice de- 
pend on the form and size of the 
resonating spaces. Persons with beau- 
tiful voices will be found to have 
resonating spaces so shaped as to 
produce sounds which musical 
theory and the principles of instru- 
ment-making confirm to be musically 
perfect. 

No musical instrument can be 
compared to the vocal mechan- 
ism as regards the fineness of its 
strings, the number and development 
of its resonating spaces, and the wide 


i?30 THE VOCAL 

possibilities which it possesses for 
changes ol’ register and consequently 
for richness of tonal quality. In 
opera an entire orchestra plays, but 
above it sings one human being with 
a small larynx, and the human voice 



Fig. 166. The arrangement of the muscle 
fibres of the tongue^ as seen from below. 


triumphs over all artificial instru- 
ments. 

The Toice. The larynx is not the 
organ of speech, as is generally stated, 
but the instrument of voice-produc- 
tion. A singer docs not sing exclu- 
sively with the larynx, but with the 
entire vocal apparatus from the dia- 
phragm below to the frontal sinus. 

Sing the vow'el “ a,’' as in the wmrd 
“ far,” observing at the same time 
what happens to the body. The ab- 
dominal tvall is kept in a certain state 
of tension, and the diaphragm is 
slowly pressed upward towards the 
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thoracic cavity like I he piston of a 
syringe, thus pusliiing air up through 
the windpipe and oin of the mouth. 
On its way the column of air passes 
through the larynx, where it is caused 
to vibrate by the vif)rating vocal 
cords. The pitch of the tone chang’cs 
in accordance with the degrc(‘ of ten- 
sion of the \'ocal cords. If a liaiid 
is placed against the chest wall <lur- 
ing speech the entire thorax can l)e 
felt vibrating as a resonator, just as 
a violin does wdicn its strings vibrate. 
On touching the head one feels that 
the skull, jaw, cheeks, and forelicad 
are also vibrating. If the mouth is 
closed, there is no longer an “ a ” 
sound, but only a humming. 

The vowel “ a ” is produced w^hen 
the oral cavity is made to assume a 
particular shape: tongiie fiat on the 
floor of the mouth and lips relaxed 
to form a wide, circular opening 
[Fig. 167 (Right)]. By varying the 
shape of the opening, the “ a ” vowel 
sound can be transformed at will 
into the vowel sounds “ u,” if and 
“ o.” 

The vibrating vocal cords divide 
the ascending air column rvliich 
passes between them into wa\X‘s, thus 
determining the frequency — that is, 
the pitch and the purity of the tone. 
The quality of the tone, however, is 
determined by the resonating spaces. 

On the other hand, consonants 
require the entire vocal appara- 
tus: aI)domen, chest, larynx, mouth, 
nose and accessory sinuses, dia- 
phragm, intercostal muscles, tongue, 
palate, lips, and teeth. Each of us 
is a musical virtuoso, liecausc we play 
masterfully on one of the most; com- 
plex and difficult musical instru- 
ments that we know, the human vo( al 
apparatus/ Wc can play it so well 
.only because we learned this art when 
we were most adaptable and since 
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then we have practised it repeatedly. 

Speech: Spoken words consist of 
vowels and consonants. Say ti, o, a, 
e, c, aloud, and observe the changes 
in the mouth cavity, where they 
take their origin [Fig. 167]. Vowels 
are musical tones possessing a certain 
timbre. Now pronounce a number 
of consonants: by dy k, 1 , and 
the nature of consonants will be re- 
cognized without any difficulty. In 
contrast to vowels, consonants are 
sounds produced by checking the ex- 
piratory blast of air on its way 
through the pharynx and mouth. 
Thus when we pronounce by the lips 
are pressed together and the expira- 
tory current of air is interrupted. 
Then the interruption is suddenly 
removed by opening the lips, giving 
rise to the explosive b sound. The 
sibilant s is produced by forcing the 
air through a narrow passage created 
by bringing the teeth near the palate. 
R is formed by placing the tip of the 
tongue in the path of the expiratory 
air so that it is set into vibration. 

The Lips. The entire muscula- 
ture from the abdomen to the nose 
participates in the production of 
speech sounds. Most important, how- 
ever, for the special formation of 
spoken sounds are the muscles of the 
mouth, the palate, lips, and tongue. 
The lips consist of interlaced muscle 
fibres covered by skin on the exterior, 
and mucous membrane on the in- 
terior, surfaces. 

The Tongue. The tongue is ex- 
ceptional in that it is the only muscle 
which is attached only at one end. 
On this account it is endowed with a 
capacity for mobility unattained by 
any other muscle. The tongue is 
a composite organ. In its interior it 
is a muscle, on its surface it is an 
apparatus '^vith which food is broken 
up into smaller particles. The sur- 


face of the tongue is a system of small 
graters, rolling - pins, kneading 
boards, brushes, rakes, and points 
that bore into the food particles and 
act on them in a variety of ways [Fig. 
176]. Thirdly, the tongue is one of 



Fig. 167. Vowels C^d^) are tones that are 
sung. Consonants ''s'') are disturbed 
tonal formations. When a number of vowels 
and consonants are pronounced in succes- 
sion, the variations in the shape of the 
mouth can easily be observed. 

the most delicate apparatuses of the 
sense of touch, and fourthly, it bears 
the taste buds, so that it belongs to 
the sense organs as well as to the 
muscles. In producing individual 
sounds it assumes the most varied 
forms and positions. Now pronounce 
the letters of the alphabet aloud and 
slowly once more, observing the 
tongue while doing so. In this way 
one arrives at a true conception of 
the functions and capacities of this 
highly versatile and adaptable organ. 



ARCHITECTURE OF DIGESTION 
Fio 1 68 Man, who feeds on plants and animals, fades the same problem as an architect 
who must build a single edifice with the diverse materials from several buildings 
of different styles. For this to be done, the buildings must first be pulled to pieces. 
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CHAPTER XIX 

The Problem of Nutrition 

WHAT IS “ FOOD ”? THE TWO TASKS OF THE DIGESTIVE APPARATUS. 
CARBOHYDRATES. FATS. PROTEIN. THE GLANDS. FERMENIS. 


T he basic substances from which 
plants build up their products 
are simple compounds: water, car- 
bon dioxide, ammonia. The mole- 
cules of these substances are small, 
containing three to six atoms. From 
these simpler compounds the plant 
builds more complex ones in which 
dozens and hundreds of atoms are 
united. In order to combine the 
small and free atomic groups a cer- 
tain amount of energy must be ex- 
pended, just as force must be used to 
yoke two wild horses together in a 
team. This expended energy, which 
is now bound in the molecule, is 
called the potential energy. Imagine 
that several spiral springs have to 
be forced into a case. Energy is 
needed for this purpose. If the case 
is opened later, the springs fly out, 
thus using up the energy which had 
been expended to force them to- 
gether and which, in consequence, 
was stored up as potential energy. 

The spiral springs represent the 
free simpler molecules; the case in 
which several dozen springs are 
pushed together is the complex mole- 
cule of sugar, starch, or oil. If this 
molecule is broken dowm, the energy, 
which had originally been required 
to force the springs into the case, is 


liberated. A plant takes the energ) 
for this w^ork from the sun’s rays. 
The energy contained in the complex 
molecules of a plant’s fruits, their 
nutritive value, is solar energy. A 
fruit is a storage battery charged with 
the electrical energy of sunlight. A 
person who eats potatoes introduces 
sunlight batteries into his body and 
moves about like a motor driven 
by their energy. In order to make 
available the potential energy con- 
tained in the storage batteries of the 
large food molecules, man’s body has 
developed a special apparatus, the 
digestive apparatus [Fig. 1 69]. 

The Ttuo Tasks of the Digestive 
Apparatus. The digestive appara- 
tus has two tasks. Its first task is to 
break down the large food molecules 
so that they can be transported 
through the body. Large molecules 
cannot pass through the cell and 
tissue walls. A starch molecule can- 
not w^ander from one cell into an- 
other. "" Corpora non agnnt nisi 
soluta'' is one of the oldest principles 
of physiology — Substances act only 
when dissolved.” Starch must be 
broken down to sugar, oil to .soaps, 
and protein to amino acids before 
they can pass through the cell walls. 
The second task of the digestive 
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apparatus is to transform the foreign 
inoIeGules of the food Into specifi- 
cally huinan iTiolecules. Man ingests 
inolecules of all kinds: cow’s milk, 
ciiicken meat, wheat starch, coffee, 
potato starch, and sardine oik A 
li liman being can swallow an oyster, 
but he cannot replace any part of 
the body with oyster protein. The 
human body consists of molecules of 
human protein, and for the most 
part the molecules are present in 
special arrangements. Consequently, 
only molecules of this special kind 
can be used to replace or repair any 
injured parts, just as only spare 
automobile parts can be used for 
automobile repairs. 

The human body, which receives 
varying proportions of plant and 
animal substances as food, faces the 
same problem as an architect who 
is shown an old section of a city and 
told to transform it into a modern 
urban district. In such a case there 
is only one method of attack : to tear 
down and build up anew. This is 
what man does: he must break down 
the molecules of butter, flour, fish, 
and fruits into their elements, and 
build up human proteins, fats, and 
starches from them [Fig. 168]. 

Chemistry of an Apple 

Carbohydrates, llie manufacturer 
of foodstuffs is the plant. It takes car- 
bon dioxide (CO2) from the air, and 
water (HoO) from the soil, and builds 
up complex compounds by means of 
the energy furnished by the sun’s 
rays. The simplest compounds 
formed from CO2 and H2O are 
formaldehyde (CH.O) and simpler 
acids related to formaldehyde. Acids 
appear first in the process of syn- 
thesizing food substances. Because of 
this fact unripe fruit is sour. A boy 
who steals an apple in midsummer 
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makes a “sour” face [Fig- 170 (a)]. 

But the plant is indusni<njH. Il 
repeats the jn’ocess, conifiining 2, 4. 
6 molecules of formaldclnde, giving 
rise to sugar (CTlu-O,,). In autumn 
the acids in the apple have been 
transformed into grape sugar, and 
the apple is sweet (b). Now man 
reaps the crop, hut tljc })lant con- 
tinues to manufacture, it (:<)mi)ines 
two molecules of grape sugar to form 
malt sugar; malt sugar molecides 
combine to form dextrin; and 1)) 
uniting dextrin molecules the plant 
makes starch. in winter liie 
apples loses its sugat' and becomes 
mealy (c). Then the plant combines 
starch inolecules to form cellulose. 
In late winter the apple is no longer 
sour, sweet, or mealy, but quite 
woody and tasteless (d). 

Sugar, Starch, Cellulose 

The class of substances which the 
plant builds from carbon dioxide 
and water is known as carbohy- 
drates. Sugar, starch, and cellulose 
are the three most important forms 
in which carbohydrates are contained 
in human food. Corpora no}i aguui 
nisi soluta — substances do not act 
and wander unless dissolved. Take 
a glass of water and first throw some 
cellulose into it~— for example, some 
cotton or cork, or a piece of wood. 
They do not dissolve and are tliere- 
fore unable to travel in the human 
body. 

Now put a lump of common starch 
or a teaspoonful of flour into the 
water. Neither of them dissolves, so 
that they too are unable to wander 
through the body. Now throw a piece 
of sugar into the winter; it dissolves. 
Sugar is thus able to wander througii 
the body. This simple experiment 
demonstrates the essence of diges- 
tion, In order to be able to travel 
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around in the body, carbohydrates them up stage by stage from sugar, 
must be transformed into sugar. In Fats. Not all' simple acids tliat 
order for the blood vessels to be able form in plants are turned into carbo- 
to absorb them, starch and cellulo,se hydrates. Some of them are corn- 
must be broken down again by the bined to form more complex acids, 
body to sugar, just ;is the plant builds Figure 205 represents .schematically 



Fig. 1 69. The digestive apparatus, consisting of: ( a) stomach; ( b) duodenum; ( c, d, e,f) 
small intestine; (g) ccecum; (h) large intestine; (i) liver; (k) gall-bladder. These 
organs form the mechanism for rebuilding food molecules into “human” molecules. 
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the chemicai series of pliint acids. As 
the lowest row shows, an organic acid 
has the basic formula (^HaCOOH. 
Higher acids are produced, as one 
recognizes from the upper rows, by 
the addition of the atomic group 
eft. By repeated addition of GFL, 
plants form complex acids from such 
simple compounds as formic add or 


does not disappear uhen il is poured 
into- water. By thorough shaking, 
however, it can be di\id<.‘d iiiii} <lrop 
lets that disperse tlnough the wafer 
and render it cloiah. If a lew drops 
of eau de Gologne, which («>ina!nN 
the oils of certain scents, are allowed 
to trickle into water, it luTomvs 
cloudy. On examining tins water 
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Fig. 170. An apple in midsummer is acid and sour (a)^ but by autumn it has yrown 
sweet (b). Later ^ it becomes mealy (c)^ and eventually tough and woody (d). These 
changes result from the building up from acid of sugar, starch and cellulose in turn. 


acetic acid, llie highest of these 
com}3ounds containing u, 14, and 16 
CH 2 groups are oleic, palmitic, and 
stearic acids. These acids are knowm 
as the fatty acids because they are the 
chief constituents of the second 
group of food substances, the fats. 
Fat is formed by the union of fatty 
acids and glycerin. Fluid fats are 
called oils. Fats are also directly in- 
soluble, and are consequently unable 
to wander through the tissues. Oil 


writh a magnifying glass, the oil drop- 
lets may he seen floating in it. A 
dispersion of insoluble fat in water 
is called an emulsion. Milk is an 
emulsion wuth which we are all ai- 
quainted. If the milk is centrifuged, 
the oil particles separate out and col- 
lect in the form of butler. Since fats 
do not dissolve, but form only finely 
dispersed mixtures or emulsions, 
they must likewise be split into their 
soluble constituents, glycerin and 
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BREAK-DOWN OF FOOD MOLECULES 


the fatty acids, during' the digestive 
process, before being used by the 
body. 

Protem. The third group of food 
substances are the protein com- 
pounds. Protein di'ffers from carbo- 
hydrates and fats in. .that it contains 
nitrogen. Protein consists of acids, 
which contain nitrogen in the form 
of the amino group NPL, so that they 
are known as the amino acids. The 
amino acids are the structural ele- 
ments of protein [Fig. 171 (a)]. Pro- 
tein consists of chains of amino acids, 
combined in a most varied manner, 
thus forming molecular groups of in- 
creasing size. The first group formed 
are the peptones (b); by linking pep- 
tones together, albumoses (c) are pro- 
duced; and by uniting albumoses, the 
various proteins, of which there are 
innumerable kinds, are created (d). 

Think of the lace industry. Lace 
consists of threads woven by the 
basically simple method of tying 
knots. Yet there are thousands and 
thousancls of lace designs, all made 
by the same basic method, but ar- 
ranged very differently. The world 
of the protein compounds is a world 
of lace designs, woven from chains of 
amino acids. The combined amino- 
acid groups are likewise too large to 
pass through the membranes of the 
l)odv. They must be split up into 


their amino acids. The travelling 
form of the proteins in the body i? 
the amino acid. 

The digestive apparatus is a mech- 
anism by means of which the carbo- 
hydrates are split up into soluble 
sugars, the fats into fatty acids and 
glycerin, and the proteins into 
amino acids. Thus the large food 
molecules that are unable to wander 
through the body are broken down 
to pass through membranes. Take 
a hen’s egg and let the egg white 
flow out on a plate; now put a piece 
of butter and a lump of sugar near 
it. Here one sees the classes of food 
substances: protein, fat, and carbo- 
hydrate. 

The splitting up of the large food 
molecules into small travelling mole- 
cules takes place in steps as repre- 
sented schematically in Figure 172. 
The large food molecules are at- 
tacked and broken down by special 
apparatuses in different sections of 
the digestive canal. As indicated by 
the sequence of the numbers, the 
most important stations are : (1) the 
mouth, (e) the stomach, (3) the liver, 
(4) the pancreas, (5) the small intes- 
tine. A certain phase of digestion 
takes place in each section until all 
the food molecules have been broken 
down to the component, w^andering 
elements. The description of these 



Fig. I 7 L How protein is built up by combining groups of amino acids. 



Fig. 172. The large food molecules (top row) cannot pass through the cell walls, and 
must therefore he broken down. This process occurs In successive stages in the various 
organs of the digestive apparatus, as follows: (I) the digestion of starch in the mouth; 
( 2 ) the digestion oj protein in the stomach; ( 3 ) the emulsification of fat hy the 
bile; ( 4 ) further digestion by the pancreas; ( 5 ) final digestion hr intestine. 


successive phases is the content of 
the science of digestive physiology. 

The Glands. The splitting up of 
the molecules in the digestive appara- 
tus is carried out primarily by means 
of the secretions of special organs 
called glands. * Glands are organs 
whose ceils manufacture certain 
chemicals. All the glands of the body 


are basically alike and tioseh related, 
but they manufacture difiereiit sub- 
stances. According to their position 
they are classified as follows: 

1. Skin glands, that secrete their 
products on the skin ---stveat, sebace- 
ous, tear, and milk glands. 

2. Digestive glands, wliich secrete 
into the intestinal canal [Fig. 172] — 
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the salivary (i), stomach (ai), and in- 
testinal glands (5), as well as the liver 
(3), and pancreas (4). 

3. Endocrine glands, which deliver 
their products directly into the blood- 
stream — thyroid, adrenal, pituitary, 
pineal, and sex glands, and the island 
tissue of the pancreas. 

4. Excretory glands, 

which regulate the ex- 
change of waste materi- . 

als between the blood ^ 

and the outer world^ — 

the kidneys, sweat ' 

glands, and to a cer- 
tain extent the lungs. 

In Figures 173 and 
174, the female breast, 
the milk gland of the *^**^‘ ' 
human body, is repre- 
sented as a typical 
example of a gland. 

In the embryo the milk 
gland develops, like 
all glands, from a de- ’ , ' > 

press! on of the tissue^ — , 

in this case the skin of 
the chest^ — in the form 
of a microscopically 
fine tube called the milk duct. This 
tube ramifies beneath the skin, giv- 
ing rise to an arboriform system of 
ducts, the milk canaliculi, number- 
ing several hundred thousand. At 
their blind ends the tubes are dilated 
to berry-shaped tiny “ grapes.” 

The isolated gland “grape” in 
Figure 173 (e) is typical of all the 
glands of the human body. It con- 
sists of a wall of cells with granular 
protoplasm surrounding a cavity. 
These cells manufacture the product 
of the gland. Figure 174 represents 
a greatly magnified gland berry with 
ail the important elements concerned 
in its construction. At (a) is a blood 
vessel which brings the raw‘ materials 
necessary for the production of milk 


to the gland cells. These raw materials 
— protein, fat, sugar, calcium, phos- 
phorus, iron, arsenic, vitamins, hor- 
mones, etc. — are represented pic- 
torially by six different svmbols. The 
blood vessel carries the substances to 
the cell (b). In its back wall the cell 


Fig. 173. The structure of a gland, 
exemplified by the female breast, or 
mammary gland. The illustration shows 
(d) the skin; (b) the lymph-vessels 
benec^th the skin: (c) fat surrounding the 
gland tissue: (d) the lobules of gland 
tissue: (e) terminal chambers, or alveoli 
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has “ sieve, holes.’' Through. ..these 
spaces . the, materials enter the iiE 
terior of the cell,, where they are sub- 
jected to a special vital process by 
the protoplasm. The protoplasm 
smashes the imported food fragments 
and builds a specific product front 
them, depending on the type of cell 
in which the process takes place. 

Alchemy of a Glam! 

The cells of the human milk 
glaiul make hinnan milk, which 
(idfers from all other kinds of milk. 
The transformation of the imported 
sil{)siaiTces may be traced in the pic- 
ture. Within the cell the symlmls 
fall apart into fragments, and front 
these the protoplasm composes new 
mosaic patterns. Then they How out 
through the duct of the gland (3) as 
human milk. 

As we see, the gland is lavishly 
equipped with numerous accessory 
devices. On their inner surface the 
cells are held together by a mesh 
framework (c) so that they will not 
shift their position. Tlieir back wall 
is covered by a fine membrane, like 
a layer of cellophane, known as the 
glassy membrane (d). A thick layer 
of muscle fibres (e) surrounds the 
“ berry ” in order to squeeze it out 
when it is filled with milk. Nerve 
cables (f) bring the orders from the 
brain to the cells. Numerous lymph- 
vessels (g) carry away the waste pro- 
ducts. And this entire complex 
organization is compressed together 
within a space which is one quarter 
as large as the dot over this “ i.” In 
our body we carry about perhaps 
60 million or even twice as many 
gland “ berries.” If we were to take 
all the industries on the earth, reduce 
them to microscopic dimensions, and 
place them within the framework of 
a human body, they would probably 


not sidlice lo ccunpcu wiib riie 
organization of liu* human bodv. 

luoimnits. In or<!er n> olxain a 
tangible idea ol tlm natuic of mole- 
cular slruclure, imagine ihal tucjle- 
cules are phues united l>\ meaiis of 
screws [Fig. 175]. 'the smalhest plate 
is the grape sugar mokaule (a). 
Two grape-sugar nHfiecuk‘s scjeued 
together lonn a tnolecule ol mall 
sugar (b). Two malt-sugar mole 
cules unite to form a molecule ol 
dextrin (c); two dextrin mokaules 
form a glycogen molecule (d): and 
two glycogen molecules build a 
molecule of starch (e). Cilycogen 
is the starch found in the animal 
body, in the liver, muscles, and gland 
cells. The plant starch of Hour, 
potatoes, and beans is chemically a 
somewhat higlier and firmer form 
than the animal starch glycogen; 
essentially, however, tiiey arc closely 
related to one another. 

In order to separate the relativelv 
large starch molecule into its verv 
small plates, the grape-sugar mole- 
cules, the uniting screws must be 
loosened. To he able to do this a 
spanner is necessary, and a separate 
one for eadi dilFcrent kind of screw. 

Everlasting Keys 

The spanners are provided by the 
glands, and these key substances are 
called ferments or enzymes. A ke\ 
may be small even I'or opening a large 
money-chest; this is also true of tiu* 
ferments. Only a trace of a lerment 
is needed to split up large quantities 
of complex substances. A key does 
not wear out, and can be used for 
years to open money-boxes. Ferments 
likewise manifest the same propertv. 
After they have performed their func- 
tion of splitting the food substatues 
they are present exactly as before. 
Thus a ferment is a substance which 






HOW HUMAN MILK IS PRODUCED 




Fig. 175. Digestion in the mouth. Of all foodstuffs, only starch is changed chemically 
in the mouth, Ptyalin, the salivary ferment, separates the large starch molecules (e) 
into their components, somewhat as a key or spanner undoes screws and holts. The 
starch is broken progressively into glycogen (d), dextrin (c), and malt-sugar {h). 
The further reduction to grape sugar ( a) does not take place in the mouth, hut in the 


small intestine ( Chapter XXIII ) . 

serves to split complex compounds 
ialo their component elements (or 
con\’ersely to build them up from 
these simpler components). It need 
only be present in very minimal 
quanlities to be effective, and is not 
used up in the course of its work. 
Yeast juice contains a ferment. A 
c:rumb of yeast suffices to ferment a 
whole bowl of dough. The juice of 
the kchr fungus also contains a fer- 
ment, and a crumb of kefir can be 
used daiiv for manv vears to turn 


(See also Figs. 185, 194 and 202.) 

several quarts of milk into “ kelir ” 
(a (kiLicasian cfl'cr\escent drink), just 
as a clock can be wound up daily for 
many years with a small kew Not 
only are ferments tlie key snb.staitces 
for the splitting of the large food 
molecules, but iIjcn' also play a major 
part in combining tliese fragments 
to form the molecules of the* human 
body. Their significance for tlu^ bod\ 
is so great that plusiologisis ha\e 
gone so far as to characleri/e life itsi'lf 
as a success^}!! of ferment read ions. 


CHAPTER XX 


The Mouth 

DIGESTION IN THE MOUTH.. CHEWING. ' THE SALIVARY GLANDS.' THE' 
REGULATION OF SALIVARY SECRETION. - SALIVATION AND NUTRITION. 
DENTAL TARTAR. THE SALIVARY FERMENT. DEGLUTITION. THE 
UVULA. THE EPIGLOTTIS. THE GULLET (gESOPHAGUS). ARTISTS IN 
SWALLOWING. HUMAN RUMINANTS. 


T he l)reaking' down of the food 
t a k es I ) I ace i n s lages. The d iges- 
tive canal is ec| nipped with glands, 
arranged in series behind one an- 
other, which “ loosen the screws ” be- 
tween the inolecuies by means of 
their key sul)staiu:es, the ferments. 
The first section of the digestive 
canal is the mouth. Here the food 
is subjected to live processes. It is 
tested by the sense organs, cut up 
into smaller pieces by the teeth, 
treated chemically by the saliva, 
formed into a bolus by the tongue, 
and swallowed by means of the 
muscles of the cesophagus. 

Tlirefi-foid Scrutiny 

T’hree sense organs — eye, nose, 
and tongue — participate in testing 
food. Idle eye is a long-distance ap- 
paratus. It examines an object at a 
distance and determines whether or 
not it belongs lo the category of food. 
After the eye has recognized at a 
distance that the substance is food, 
the nose tests it for edibility. It de- 
termines whether meat is fresh or 
spoiled. After this second examina- 
tion the food is placed in the mouth, 
and now the tongue determines its 
taste. Not only are the impressions 
received by the sense organs decisive 
for the acceptance or rejection of 


food, but they also act internally as 
“ starters they crank up the diges- 
tive organs by way of the nervous 
system. 

C/zezerng. Take a slice of bread 
and bite off a piece as you usually 
do. Then, however, do what we gen- 
erally do not do; observe carefully 
what happens [Fig. 176]. With the 
incisors we bite off a small piece cor- 
responding in its dimensions to the 
size of the mouth. Then we push the 
fragment between the teeth, but not 
backwards. Instead, it is held firmly 
by the canines and ‘‘ sawed ” into 
small pieces by the premolars. -After 
being completely “ sawed ” into 
small pieces, the bread is pushed be- 
tween the large millstones of the 
molars, where the pieces are slowly 
but powerfully ground. 

Tools of the Tongue 

After being cut and ground into 
bits, the food is pushed on to the 
tongue where it is treated by means 
of the elastic kneading apparatuses 
of the tongue. The tongue is a chop- 
ping and baking board, but not like 
one used in a kitchen where the im- 
plements used on it are kept separ- 
ately. The baking and chopping 
implements of the tongue are an in- 
tegral part of this organ and function 
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Fig. 176. Mastication, The chewing of food— apparently siwh a simple process— 
entails the co-operation of the lips, teeth, salivary glands and the complex tongue, 


automatically when the board is 
moved. On its surface it bears warts 
and knobs of the most varied shapes: 
erect hard brushes, pestles, rolling- 
pins, knockers, and prongs. By means 
of its muscles the tongue presses the 
food against the palate, rolling it 
back and forth as a baker does the 
dough, so that the morsel, which has 
already been cut into tiny pieces by 


the teeth, is treated with brushes and 
bristles, cruslied by pestles, kneadeti 
with rolling-pins, and ground <m 
small graters. 

The Sidhmry (elands. In the course 
of this mechanical treatment the 
food is saturated with the secretions 
of the salivary glands. 'I lie etitire 
mucous membrane of the mouth 
from the lips to the pharynx is cov- 


HOW I HE SALIVARY GLANDS WORK 


ered w i ih i \m uniera!)lc mucous 
giaiids I Fig. i7()]. dlnxe pairs of 
salivary glands of:' various sizes are 
locaicci iii tlie neigiibourhood of the 
inoiuin AccordiiigMo their location 
they are known as the parotid (in 
front of the ear), the sublingual (un- 
der the tongue), and the submaxil- 
lary (under the lower jaw) glands. 
The saliva is a inixture of the 
secretions of the salivary glands as 
well as of the glands in the oral 
mucous membrane. 

The Regulation of Salkmry Secre- 
tion, lake the majority of our organs, 
the salivary glands do not function 
mech an ica 1 1 y , b u t hi ologicall y . 
Through their nerve supply they are 
subject to the control of the brain, 
and function in consequence of the 
nerve stimuli emanating from the 
brain centres. Let us imagine that 
we had made a bet to eat a lemon, 
and must now bite into the sour fruit. 
The very thought makes us swallow. 

Stimulus to Digestion 

On visualizing a lemon our saliv- 
ary glands begin to function. Not 
only the salivary glands but all the 
digestive glands! The digestive 
glands do not wait until food has en- 
tered the body to begin to function, 
but produce their secretions as soon 
as the brain is stimulated by sensory 
impressions, or even only by ideas of 
food. If we see food on display, our 
mouths water. Such great emphasis 
is placed on the appetizing prepara- 
tion of food because the digestive 
glands are stiiiluiated by the sight 
of food. Odours exert an even greater 
stimulatory effect than optical 
stimuli . If ■ one passes a kitchen: and 
smells the fine odour of a roast, the 
glands begin to secrete vigorously, 
the stomach begins to carry out 
active movements; sometimes these 
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movements are so active that they 
may be heard as a rumbling in the 
abdomen. 

Salivation and Emotion. If food is 
shown to a hungry dog, saliva drips 
out of the animars mouth. Now, if 
a stimulus such as a gTeen light is 
applied a number of times to the dog 
when it receives its food, the light 
will become a signal for the salivary 
glands to begin secreting. The green 
light becomes a signal for the food. 

Emotion Affects Appetite 

If the dog is shown a scries of 
coloured electric lights its mouth 
will remain dry at the sight of the 
red, blue, and yellow lights, but as 
soon as the green light appears the 
saliva will begin to drip from its jaws. 
Similarly the dog can be conditioned 
for a certain sound, so that saliva will 
appear only when this sound is 
heard. 

Pleasant impressions aid the 
activity of the digestive glands, while 
disagreeable experiences hinder it. 
Anger results in a loss of appetite; 
fear causes one to forget to swallow; 
and excitement contracts the 
stomach. 

Salivation and Nutrition. The 
salivary glands automatically adapt 
both the quantity and the nature of 
the saliva to the task facing them. 
Animals that eat moist foods produce 
little saliva. Fish have no salivary 
glands; in whales, seals, and aquatic 
birds they have atrophied; but in 
grain-eating birds the salivary glands 
have developed enormously. On 
days when a cow receives fresh feed 
its salivary glands secrete about 50 
quarts; if it receives dry hay the 
quantity of saliva rises to about 300 
quarts ! If an individual eats 1 ounce 
of apple the glands produce o.s; ounce 
of saliva; if the same person eats 1 



Fjg. 177. The watery saliva secreted by the parotid gland in the upper jaw serves to 
dilute acids. When we see a lemon and think of its sharp taste, saliva from this gland 
pours into the mouth in considerable quantities. 


ounce of dry biscuit, 2.5 ounces of 
saliva will be produced [Figure 177]. 
In the course of a day the parotid 
gland, which weighs 0.5 ounce, pro- 
duces 1 quart of saliva; in the course 
of a lifetime it secretes 25,000 quarts 
of a highly active chemical, of which 
each drop must be laboriously syn- 
thesized by its tiny ceils [Fig. 177]. 

The Parotid 

The salivary glands are not identi- 
cal in form and function. The paro- 
tid is the largest and secretes large 
quantities of watery saliva. The 
glands near the lower jaw are smaller 
and produce smaller quantities' of 
mucoid saliva. The watery saliva of 
the upper gland serves chiefly to 
dilute and to moisten the food well; 
the mucous saliva renders the food 
slippery. Depending on the kind of 
food> the secretion of one or the other 
gland predominates. If we bite into 
a juicy apple that does not have to 
be moistened, the lower salivary 
glands secrete a scanty mticous saliva. 


On the other hand, if we eat dry bis- 
cuit, the parotid begins to function, 
producing large quantities of watery 
saliva containing little mucus. I’his 
alternation of function can easily be 
observed in one’s own person. Think 
of “ lemon ” and the saliva Hows from 
the parotid gland past the molars 
[Figure 177]. Conversely if one 
thinks of “ milk ” the oral cavity be- 
comes filled from l)cIow with stib- 
llngual saliva [Figure 178]. The 
activity of the salivary giaiuis is ex- 
cited by reflex means. 

Indirect Control 

The path of this reflex is i n i ricatc- ~ - 
from the sensory organs to the brain, 
then to various perce})tivc centres, 
and after that to a special saiivatorv 
centre in the depths of the brain, 
liere the stimulus is transferred to 
nerves passing to the requiretl gland 
It'g- *79]- 

Dental Tartar, llic average com- 
position of human saliva is as fol- 
lows: water 99.4 per cent, salts 0.2 
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per ' :ceiit (p()ia,SvSium, sodium, „ cal- 
.ciiiiii, chlorin e, pliosphorus,. s'lilphur, 
.and iron), mucus 0.2 per cent, Thio- 
cyanate . 0 . 01 , per cent, aiKl last but 
not least the digestive ferment 
p { ya 1 i n . 1 1 sa 1 i va is al lowed to stand, 
an iridescent layer foniis on the sur- 
face. Under the microscope it is re- 
\ealed as a network of caidum-car- 
bonate crystals. Calcium carbonate, 
which is identical with chalk or 
inarl)le, is precipitated in the mouth 
and de|)osited on the teeth as tartar. 
Wliile the deposition of tartar is not 
in itself pathological, it does irritate 
the gums and favours dental infec- 
tion and decay. 

Starch Into Sugar 

The Salivary Ferment. The fer- 
ment contained in saliva is known as 
amylase, because it digests starch 
(arnylum), or ptyalin. It splits the 
large starch molecules into dextrins 
and these again into malt sugar [Fig. 
175]. Put a piece of bread in your 
mouth and let it lie there. It does 
not change nor does it have any taste. 
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If it is now chewed thoroughly and 
mixed with saliva, it becomes sticky 
because the amylase has split the 
starch into sticky dextrin. If we wait 
awhile, the chewed bread becomes 
sweet; the salivary ferment has 
broken down the dextrin molecides 
to malt sugar, which tastes sweet. 

Absence of Ferment 

.Since saliva contains no other 
ferment but amylase, all other food 
molecules, such as proteins, fats and 
carbohydrates that are simpler than 
malt sugar, remain unchanged. The 
saliva of carnivorous animals such as 
dogs and cals is devoid of any diges- 
tive ferment since they do not eat 
any starchy foods in their natural 
state. Similarly no ferment is found 
in the saliva of infants because no 
higher carbohydrates are contained 
in mother’s milk. Not until the nurs- 
ing period is at an end do the salivary 
glands of infants begin to function. 

Deglutition. The teeth cut and 
grind the food; the saliva moistens 
it and facilitates mastication; and the 



Fig. 178. The sublingual salivary gland h situated beneath the tongue. When we 
think of milk, this gland begins to secrete its viscid mucus. 
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toiigiie kneads the mass of food into 
a bolus which enters the gullet and 
passes through the oesophagus into 
the stomach. The act of swallowing 
is the work of a complex apparatus 
consisting of nerves, muscles, liga- 
ments, and glands. The larynx, the 
uvula, the epiglottis, the soft palate, 
the tongue, lips, nose, lungs, the dia- 
phragm, the abdominal musculature, 
and, above all, the brain participate 
in this half- voluntary, half-automatic 
act of swallowing. 

The Uvula. If one looks into the 
back of the mouth two elevations 
covered by in u cons membrane and 
reaching from the soft palate to the 
tongue can be seen on each side. 

Swallowing 

These are the faucal pillars; in 
the hollow between them lies a tonsil. 
In the centre, hanging freely in space, 
is the uvula [Fig. 180 (1)]. The uvula 
is a recent acquisition of the erect 
creatures man and ape. Only these 
two, the “ primates among animals, 
have a uvula. Its exact significance 
and function are not quite clear. The 
oral cavity is bounded above by the 
palate, consisting of a hard anterior 
part and a soft posterior one. The 
palate arches downward over the 
back of the mouth like a curtain. 
During the act of swallowing, the 
soft palate is raised so that it closes 
off the respiratory portion of the 
pharynx, thus preventing any food 
from entering the nose [Fig. 180 (b)]. 

After the food bolus has passed the 
uvula it enters the domain of the 
larynx, where it must pass through 
a region common to both the’ respira- 
tory and the digestive passages. The 
paths taken by the inspired air and 
the ingested food cross above the 
windpipe, so that the entire arrange- 
ment appears impractical — indeed. 


even dangerous, Fhe uiudpipc is 
open on top like a clumiie\. Above 
this opening passes the food bolus or 
swallowed fluid. However, the food 
must by no means fall into the 
windpipe, because if it doe^ the 
lungs may become infected, pneu- 
monia supervene, and life be en- 
dangered. 

The EpigloUls. in order to be 
able to close the entrance to tim 
windpipe, a drawbridge called the 
epiglottis is installed at the r<K)l of 
the tongue [Fig. j8o (a)]. During the 
act of swallowing, this (irawbridge is 
let down, covering the entrance to 
the windpipe (b). Over this lowered 
bridge the bolus passes into the gul- 
let. As soon as it has ]:)assed, the 
bridge is automatically raised. If the 
entrance to the windpipe is not 
closed in time, food may enter the 
larynx; then we say that it “ goes the 
wrong way.” The larynx, ^vhich is 
very sensitive to touch, jmoiects it- 
self by contracting. At the same time 
the individual begins to cough. 
There is a violent and ra|')id expira- 
tion of air from the chest, forcitJg 
open the larynx and carryittg out 
with it anything lodged in the larynx. 

Oral Acrobatics 

Speaking and swallowing are in- 
compatible acts, so that no one can 
eat and swallow simultaneously. .\n 
adult is a true acrobat, although one 
does n ’ t rca 1 i ze i t . ' Fo carry on a cc ) n 
versation and to cat at the same time, 
to accommodate the act of swallowlnu 

O' 

to the pauses between sentences and 
words so that the conversation ap- 
pears to be undisturbed by the act of 
eating, to be able to do tiiis is truly 
a great achievement. We know how 
to do it only because we have prac- 
tised it repeatedly for years. As diild- 
ren we prattled while we ate, just as 
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Fig. 179. The reflex mechanism of salivation. The roast odour (1) stimulates the 
olfactory cells of the nasal mucous membrane ( 2 ) ; this stimulus is passed to the olfactory 
centre in the brain (3). The memory centre (4) determines that the odour is that of 
roast fowl, and orders the gland centre (5) to switch on a salivary gland. The order 
is transmitted to the switchboard (6), where the required salivary gland— sublingual- 
out of several (7 and 8), is promptly turned on. 


ail diiidreii do; our parents forbade 
us to do so, just as we forbid our own 
children. Despite that, we did it and 
thus learned the great art of eating, 
swallowing, and carrying on a con- 
versation at the same time. In child- 
ren the food still goes down the 
wrong way occasionally; but adults 


have learned to control the acrobatic 
movements of the gullet. When 
people become weak because of old 
age, or in the course of serious ill- 
nesses, so that their neuromuscular 
mechanisms no longer react well, 
they begin to aspirate food particles. 
Many serious and exhausting sick- 
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nesses — al)ove ail, nerve diseases — 
tenoinate in an aspiration pneu- 
iiionia — that is> a pneunionia caused 
by the entry of saliva and food into 
the lungs. The doctor fears this com- 
plication, and it is one of the aims 
of good nursing care to see that the 
patient does not aspirate any foreign 
subslauces. This object is achieved 


longitudinal Tuusclc fibres. 1 he 
bolus does not fall thiough the 
oesophagus into the stomach, !>ut is 
pushed forward by the contractions 
of the muscular walls, lacjuids pass 
very cjuickiy down the (esophagus, 
while solid foods travel more slowh'. 
The larger the bolus, the more slowly 
does it pass down the ces(>[)hagus. 



Fig. 180. The uvula (1) and the epiglottis (2) are so situated that during the act oj 
breathing ( a) the air passage from the nose to the trachea is free. But in swallowing (b) 
the air passage is closed by the soft palate and epiglottis and the pathway for food is opened. 


by raising the patient while drinking, 
and by feeding him slowly and watch- 
ing carefully to see that he swallows 
correctly. 

The Gullet ((Esophagus). After 
passing the pharynx, the food bolus 
slides through the gullet, or oesopha- 
gus, which is about ten inches long. 
Like the entire digestive canal, the 
oesophagus is a folded elastic tube, 
with wails consisting of circular and 


In man the passage of a bolus 
through the oesophagus lasts about 
eight seconds. The ball of hay which 
a horse swallows needs more than 
half a minute to pass from ihe 
animal’s mouth to its stomach. It is 
easy to prove that swallowing is an 
active process, and not simply a pas- 
sive response to the force of gravity. 
One can eat and drink while hanging 
head downwards [Fig. 181]. Most 
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animals also swallow upwards; in 
such animals as giraffes, storks, and 
swans ilie food must travel quite a 
distance in an upward direction, 
riiroughout tlie entire alimentary 
canal the mechanism which moves 
the food is similar. The oesopha- 
gus carries out peristaltic waves; that 
is, the circular fibres contract behind 
the food bolus, narrowing the pas- 
sage. At the same time the muscle 
fibres immediately in front of the 
food relax, widening the tube. Thus 
a continuous wave passes along the 
oesophagus in the direction from the 
mouth to the stomach. In the wall 
of the alimentary canal there are 
nerve apparatuses. Food coming into 
contact with the wall stimulates these 
nerve apparatuses, and these in turn 
cause the muscles with which they are 
connected to contract. These nerve 
apparatuses are never entirely at rest. 
Even when apparently in a state of 
rest, they maintain the digestive 
canal under moderate tension. 

Artists in SivaJloiving. Like every- 
thing else, swallowing is an art. With 
patience and talent astonishing 
achievements can be attained. Every- 
one has seen sword-swallowers. 
Actually they are not swallowers, but, 
on the contrary, non-swallowers. The 
art of sword-swallowing consists in 
being able to push a sword past the 
larynx and through the oesophagus 
to the stomach without swallowing! 
Otherwise, by swallowing, the 
oesophagus would contract and cut 
itself. 

The most famous of all sword-swal- 
lowers, Chevalier Clignot, swallowed 
not one but as many as fourteen 
sharp swords together! And he 
swallowed not only swords, but also a 
pocket watch fastened to a chain 
which he held, llien he let people 
listen to his stomach and hear the 


Fig. 181. It is possible to drink while 
hanging head downwards, because swallow- 
ing is not merely a downward dropping of 
food, but a contractile, wave-like move- 
ment of the muscles of the oesophagus. 


watch tick. Psychiatric patients and 
feeble-minded criminals who hope to 
secure their transfer from prison to 
a hospital by swallowing objects are 
much bolder in swallowing foreign 
bodies. A psychopath fell while 
carrying a bottle of beer. For fear 
of being punished he swallowed the 
fragments of the glass bottle, after 
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wrapping them separately in paper. 
Several, days. Mater, he vomited the 
paper, but the pieces of glass re- 
mained in his intestine. Not until 
sixteen days later did symptoms ap- 
pear. A hundred and fifty pieces 
of glass had passed through the 
oesophagiis, stomach, and small intes- 
tine up to the valve of the large in- 
testine without causing any damage. 
Only a single small sliver had pierced 
the intestinal wall ! The pieces of 
glass were removed by an operation 
and the man lived. 

Feats of Swallowing 

Large quantities of foreign bodies 
may be found in the organs of prison- 
ers and psychopathic individuals. In 
one case more than 500 hairpins, 
safety-pins, keys, and links of chain 
were found together in a stomach! 
In other cases bread-knives and 
scissors were found 1 In swallowing 
any foreign object the unost danger- 
ous point is the crossing between the 
respiratory and the digestive pas- 
sages [Fig. 180]. 

Human Ruminants. Some artists 
in swallowing are not only able to 
swallow unusual things, but like 
ruminants are also able to bring them 
up agaiji. Usually tliis ability is due 
to a pathological dilatation of the 
oesophagus. The most harmless 


group arc the watci-swiil lowers. 
They can drink as much astciHjuarss 
of water and then expel it like a IouH’ 
tain. In order to be original the\ 
don’t swallow plain watei', but water 
containing (isli, salamanders, or 
frogs. In Messina a waitress made 
the place where she worked famous 
by swallowing every dav, !)ef(>ie the 
assembled guests, the <'oiiients ol a 
fish-bowl conlainiitg li\e fish and 
then expelling them agaiti. A \aude 
viile actor swallowed five ciihir feet 
of gas, attached liimscif to a gas rattge? 
ancl a gas chandelier, boiled eggs and 
tea before the audience, and con- 
sumed them under the gasiigiit. 

Yards of Lace 

The whitish substance cal led 
“ ectoplasin ” which pours out of the 
mouths of some so-called mediums 
during a certain type of seance ” is 
curtain lace which they swallow in 
advance in the form of a cartridge 
embedded in a foam-building mass, 
and later expel mixed witli sali\ a and 
gastric juice. The “ matcrializeci 
ghost hands ” which appear at suc h 
‘\seances ” are liolhing but rubber 
gloves filled with, starch paste and 
swallowed before the seance. In 
order to be a good medium of this 
sort, one must also, among several 
othhr things, be able to swallow well! 
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The Stomach 

THE STRUCTURE OF THE STOMACH. MOVEMENTS OF THE STOMACH. 
THE GASTRIC GLANDS. STRUCTURE OF THE GLXNDS. HYDROCHLORIC 
ACID. PEPSIN. RENNIN. FAT IN THE STOMACH. ROAST AND EXTRACTIVE 
SUBSTANCES. BE HAPPY DURING MEALS ! 


T he Stomach is a bottle-shaped 
bag with a volume of about 6i 
cubic inches, situated rather trans- 
versely in the upper part of the abdo- 
men [Fig. 169 (a)]. Its larger end is 
turned to the left. Opening into its 
upper border through the cardiac 
orifice is the oesophagus. Like the 
entire digestive canal the stomach 
consists of three firmly united layers 
[Fig. 197]: the external peritoneal 
covering (i), the middle muscular 
layer (e-h), and the inner mucous 
membrane (a-d). The stomach can 
be described as a muscle sac lined 
with mucous membrane. At the en- 
trance to the stomach as well as at its 
exit the musculature is thickened to 
form a pow^erful circular muscle 
wTich by its contraction keeps the 
passage closed except at the moment 
when food is passing into and out of 
the stomach. 

Protecting the Stomach 

The entrance from the gullet into 
the top of the stomach is known as 
the cardia; the exit from the stomach 
to the succeeding portions of the 
alimentary canal is called the 
pylc.ru s. Both orifices open only un- 
der certain conditions — the cardia 
only wTen a delicate stimulus im- 
pinges upon it such as is exerted by 
a thoroughly rnasticatedy well-formed 
food bolus. Strong stimuli cause it 


to dose. If some coarse object which 
might damage the stomach passes 
through the oesophagus, the cardia 
contracts spasticaliy and refuses to 
let the intruder enter. If a hard tab- 
let is swallowed, for instance, it does 
not simply slide into the stomach, 
but remains in the oesophagus above 
the spasticaliy contracted cardia, 
with the result that one experiences 
an unpleasant sense of pressure in 
the upper abdomen. 

Harmful Substances 

Then the tablet gradually dissolves 
in the moist tract, the cardia per- 
mits small portions of the dissolved 
mass to pass through, and the feel- 
ing of pressure disappears. Like a 
true wTitchman the cardia also tries 
to prevent the entry of all biting, 
caustic, or stinging fluids. If one 
drinks aerated water or beer, it 
likewdse collects above the stomach 
and creates a sense of pressure. If 
one drinks a corrosive fluid such as 
hydrochloric acid or phenol, it re- 
mains above the carolia, and it is there 
that the worst burns are found. 

The interior of the stomach is in- 
geniously constructed. The larger 
end of the stomach, into wdiich the 
gullet opens, lies beneath the dia- 
phragm, wdrere it forms a dome- 
shaped space. In those who lead a 
temperate life this space is never com- 
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pleiely filled. In this space is air animate sac, the wci,i>hi nf a iiicai 
swallowed during mastication, or would cause it to sink down. This 
gases arising from ingested food or actually occurs iti stomachs of which 
liquids. The carbon dioxide of beer, the tonus is decreased. After a meal 
soda water, etc., ascends into this an atonic stomach looks like a stex'k 
space. When a person belches, he ing and hangs down from the pit of 
evacuates the gas from this space, the stomach to the pelvis. In healthy 
riie muscle fibres of the stomach wall people, however, the stomach un 



Fig. 1 82, How food regulates the pylorus. The food arriving in the stomach is alkaline^ 
owing to the saliva, and consequently closes the pylorus (a). After the food has been 
acidified by the gastric juice the pylorus opens (b). On entering the small intestine 
the acidity of the food exerts a retrograde action (c), causing the pylorus to close. After 
the food has become alkaline in the intestine, the pylorus relaxes (d) and admits more 
food into the intestine. In this way, the food controls its own passage through the stomach. 

are arranged in folds, so that the in- folds in all directions in response to 
terior presents the appearance of the the entering food until the normal 
relief map of a mountain range. Be- capacity of the organ is reached, it 
tween the cardia and the pylorus expands gradually like a balloon 
passes a channel, the ‘‘ stomach without changing its original form, 
street/' along which the “ traffic ’kof When food enters the stomach its 
the stomach passes. After drinking, glands begin to produce an acid se- 
ihe fluid passes directly from the cretion. Stimulated by this secretion, 
cardiac orifice along this “ street " to the walls begin to move in the form 
the pylorus and enters the small in- of peristaltic: waves. The upper part 
testine. Small quantities of fluid pass of the stomach remains relativelv 
through the stomach almost without quiet. The gastric juice mixes with 
stopping, even when the latter is full, the semi-liquid food mass. Tlie floor 
The views frec|uentiy expressed that of the stomach, upon, which the food 
drinking during a meal is unhealth- lies, moves in waves resembling th<.)se 
ful, that the fluid makes one bloated, with which a photographer moves 
or dilutes the gastric juice, do not the developing fluid over a plate In 
apply to a healthy stomach. order to attain the highest degree of 

Movements of the Stomach. .Like chemical action. Both photographer 
all smooth fibres the muscle fibres of and stomach want to obtain the same 
the stomach wail possess a certain result — namely, thorough mixture so 
tension (tonus), so that the stomach as to achieve the greatest chemical 
is elastic. If it were simply an in- aGtion--and consequently both, eni- 
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ploy the same method of doing so. 

The food masses that enter the 
stomach do not lie about anyhow, 
but arrange themselves in definite 
layers. The first food eaten is de- 
posited next to the wall of. the 
stomach, and subsequent masses of 
food upon the first layer, so that the 
most recent food is situated towards 
the centre of the stomach. The en- 
tire arrangement resembles that of 
a layer cake. By means of the wave 
movements of the stomach wall these 
layers are thoroughly churned and 
mixed with the secreted gastric juice. 

Add and Alkali 

The food which has been well 
mixed with gastric juice flows to the 
deepest part of the stomach near the 
pyloric sphincter. The latter is 
normally closed, and opens only un- 
der certain circumstances. The ali- 
mentary canal consists of four large 
divisions: mouth and oesophagus, 
stomach, small intestine, and large 
intestine. The chemical character of 
each of these sections differs from 
that of its neighbours. The mouth 
is alkaline owing to the saliva; the 
gastric juice makes the stomach acid; 
because of its secretions the small in- 
testine is again alkaline; and finally 
the contents of the large intestine are 
add because of the activities of the 
bacilli in it. 

This alternation of alkalinity and 
acidity is of particular importance in 
regulating the traffic of the alimen- 
tary canal [Fig. i8s]. If a food morsel 
which is alkaline comes into the 
neighbourhood of the pylorus, the 
latter closes (a). Conversely, if the 
morsel has been sufficiently saturated 
with gastric juice, thus proving that 
it is sufficiently digested, the pylorus 
opens (b). Hardly does the morsel 
pass the pylorus and touch the alka- 



Fig. 183. One of the five million digestive 
glands contained in the mucous membrane 
of the stomach which secrete pepsin, 
rennin, and hydrochloric acid. The larger, 
dark cells (upper part of picture) are the 
ceils which produce this acid. 
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Hue Hiucous membrane of the small 
intestine with its acid when the 
pylorus closes beliind it (c). If the 
food mass is sufficiently saturated 
with the secretions of the sniali intes- 
tine so that it loses its acid character, 
the stiiniilus which causes the pylorus 
to close disappears and it opens again 
(d). By means of this mechanism, 
wliich reminds one of a railway 
switch, the body makes sure that only 
small quantities of food will pass 
from the stomach into the small in- 
testine, and only then when they 
have been adequately mixed with 
gastric juice. 

Wave-Machine 

By closing the pylorus from the 
small intestine in this way, the guar- 
antee is given that no new food will 
enter from the stomach before the 
small intestine has finished with its 
contents. In fact the transportation 
of food from the stomach to the in- 
testine proceeds as precisely as rail- 
way traffic. Four minutes after the 
arrival of the first morsel of an easily 
digestible food, such as a soft-boiled 
egg, the wave-machine of the stomach 
begins its movements. Soon there- 
after the pyloric sphincter relaxes for 
a moment, permitting about one 
cubic centimetre of liquefied food to 
pass through, and closes again. Then 
successive portions follow regularly 
at ten-second intervals. The wave- 
machine works for hours until the 
digested mass has been transported 
from the stomach into the intestine. 

The Gastric Glands. On examin- 
ing the mucous membrane of a calf’s 
stomach with a magnifying glass, one 
sees the punctate openings of the 
glands that secrete the gastric juice. 
Each cubic centimetre contains about 
UK) glands, so that tliere are 5 mil- 
lion glands in the wall of the 


stomach. These glands are very in- 
dustrious, producing about (juaiis 
of secretion daily, and in the course 
of a lifetime approximately 100,000 
quarts of a highly concentrated lliiid. 
A stomach gland is shaped like a 
fountain-pen. It is a narrow Ui!)e 
lined with gland cells at id opctiing 
into the stomach [Mg. iHy/j. I he 
majority of the cells are small and 
light-coloured, llieir protoplasmatic 
granules secrete two ferments, 
rennin and pepsin. Between them 
are large, dark cells called parietal 
cells. The parietal cells produce 
hydrochloric acid. 

Structure of the Gastric Glands. 
Figure 184 is a composite represen- 
tation of the glands of the mucous 
membrane of the stomach, highly 
magnified. At (a) we see some of 
the glands in cross-section. At (b) 
is a more detailed view of a gland, 
from which we can see that its wall 
contains two kinds of ceils. Tlie 
more numerous, light-coloured cells 
produce pepsin; the large, laterally- 
situated, darker ceils produce iiydro- 
chloric acid. At (c) is a gland of 
this kind in active secretion, atn! in 
(d) are the nerves that activate the 
gland and stimulate it. 

Gastric Secretions 

The view of the gland at (e) shows 
only the cells that produce hydro- 
chloric acid, with their characterist ic 
ducts that open into the lumen (or 
canal) of the gland pit. At (f) are 
seen lymph-vessels that pass down- 
ward between the glands and form 
plexuses around them, as shown at 
(g); (h) represents a plexus of con- 
tractile cells around the gland, whic h 
by contracting expresses the gland’s 
contents. At (i) is the connecii\'e 
tissue surrounding the gland; (k) 
shows the ascending arteries (light) 




daily about three quarts of gastric juice. This juice consists of hydrochloric acid, with 
a number of ferments, including rennin and pepsin. Here is a composite picture of some 
of these glands, highly enlarged, revealing their minute but highly complex structure. 


and the descending veins (dark) be- stomach, thus promoting digestion, 
tween the glands. The three chief 4. Hydrochloric acid activates the 
constituents of the gastric juice are digestive apparatus in the neighbour- 
hydrochloric acid, pepsin and rennin, ing sections of the intestinal tract. As 

Hydrochloric Acid. Hydrochloric soon as the stomach secretes hydro- 
acid has five functions: chloric acid, not only the stomach 

1. It activates pepsin. The cells but also the duodenum begins to ex- 

do not secrete pepsin in an active hibit peristaltic waves, the liver 

form, but in an inactive preliminary secretes bile, and the pancreas, pan- 
state, Not until it comes into contact creatic juice. 

with hydrochloric acid is the active 5. Hydrochloric acid disinfects. If 
ferment pepsin produced. chopped meat is placed in a glass of 

2. It accelerates the action of pep- water and allowed to stand in a warm 

sin. If one takes two pieces of boiled spot, putrefaction develops rapidly, 

egg, placing one directly into gastric However, if hydrochloric acid is first 

juice and the other first in hydro- added to the water, putrefaction does 

chloric acid, the second piece will be not appear, because hydrochloric 
digested more rapidly. acid destroys fungi and bacilli. There 

3. Hydrochloric acid stimulates is no putrefaction in a healthy 

the muscle fibres of the stomach wall, stomach. We ingest billions of 

and aids the movements of the bacilli daily with our food, yet they 



iss nwfction in the stomach. The principal function of this organ is the 
ion of protein The large protein molecules (a) are broken down and chemica y 
■ • \Z eZrne,pepJn, first into albumoses (b) and then into P^P^onesJc). 
no further breakdown of the protein molecule m the stomach. (Comp 
this illustration with Figs. 175, 194 and 202,} 


do not harm us because they fall into 
a gigantic lake of hydrochloric acid 
and pepsin in the stomach and 
simply die there. 

Pepsin. Hydrochloric acid is not 
a ferment, but rather an ** activator.*' 
The gastric glands produce three fer- 
ments, of which pepsin is the most 
important for the adult. As stated 
above, pepsin is secreted in a pre- 
liminary form and changed into 
active pepsin by hydrochloric acid. 
Pepsin initiates the digestion of the 
large protein molecule [Fig. 185]. 
First it cuts the protein plates (a) into 
large pieces, called albumoses (b), 
and then cuts the latter into peptones 
(c). Food that enters the stomach as 
protein leaves it through the pylorus 
after chemical change into peptone. 


Rennin. The two other ferments 
of the gastric juice are special fer- 
ments for the digestion of milk. That 
the human body has special ferments 
for the digestion of milk is a peculiar 
fact, apparently connected with 
man’s mammalian character. The 
newborn baby is reared on its 
mother’s milk. In order for its young 
body to be able to digest the rela- 
tively large quantities of milk neces- 
sary for growth, the digestion of the 
milk is made doubly certain by 
means of the special ferments. 

Rennin splits the protein of milk, 
which is known as casein, into two 
smaller protein molecules, para- 
casein and whey-protein. The former 
combines with the calcium of milk 
to form a calcium protein compound. 
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which we call cheese. Cheese is a 
combmation of milk protein and cal- 
cium. When an infant regurgitates, 
it does not bring up milk, but cheese. 
The second milk ferment attacks the 
fat of milk. If a person eats six 
different kinds of fat during a meal — 
for instance, sardine oil with the hors- 
d’oeuvres, olive oil in the salad, fish 
oil, the fat of the roast, vegetable fat 
in nuts, and butter— only the last- 
named fat, since it is a milk product, 
will be digested in the stomach. 

Fat in the Sto tnacfh Sinct the 
stomach does not digest any fats ex- 
cept milk fat, so that the others are 
first digested in the lower sections of 
the intestine, we are right in saying 
that fatty foods take longer to digest. 
Large quantities of fat slow down 
gastric digestion, because the fat 
covers the other foods and renders 
it difficult for the gastric juice to 
come into contact with the food. 

Fat Hard to Digest 

Generally, the more fat there is 
in a food, the longer does it remain 
in the stomach and the harder is it to 
digest. Tea flows through the 
stomach almost without stopping. 
Milk with a high fat content remains 
there over an hour. A lean plaice is 
quickly digested, but fat pork or sar- 
dines in oil remain in the stomach 
much longer [Fig. 187]. 

Roast and Extractive Substances. 
Roast substances are those aromatic 
substances that arise as a brown crust 
when bread, meat, or potatoes are 
roasted. Extractive substances are 
those substances removed from vege- 
tables and meat when they are 
boiled, and contained in broth. Meat 
extract, bouillon, the expressed juice 
of vegetables, and gravies are rich in 
extractive substances. Roast and ex- 
tractive substances [Fig. 186 (1)] 


stimulate certain groups of cells in 
the lower section of the stomach (2), 
causing them to secrete a substance 
which does not enter the stomach but 
passes into the blood vessels (3). The 



Fig. 186. Bouillon, or meat extract, is 
rich in extractive substances, which are 
valuable in digestion because they stimulate 
special cells in the gastric wall (2) to 
produce a hormone (secretin). The latter 
enters the circulation (3 and 4) and in 
its turn stimulates the stomach glands (5) 
to secrete large quantities of digestive juice. 

blood carries this substance around 
in the body (4) to all the organs,, in- 
cluding the glands in the upper sec- 
tion of the stomach (5). Here it 
stimulates the cells to produce large 
amounts of very powerful gastric 
juice. This stimulating substance is 
termed secretin, since it stimulates 
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2 HOURS 


Pbke 
H HOURS 


Raw £gg 
I HOUR 


Rice Ruddbng 
2 HOURS 


Raw Milk 
2h HOURS 


VVe}|*»dloD6 Sfaak 
2i HOURS 
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2^ HOURS 


Junker 
ti HOURS 


Self -boiled Egg 
21 HOURS 


Jhn Toast 
2| HOURS 


Omeiette 
3 HOURS 


Roast Beef 
2| HOURS 


iCold Boiled Pork 
j 31 HOURS I 


White 
Bread ' 
3 HOURS 


Dressed letfiice Sabd 
41 HOURS 


Pfum Pudding 
With Brandy Sauce 
5J HOURS 


Sardines 
31 HOURS 


Boiled Cabbage 
4 HOURS 


Beel Sandwiches 
[With Tea 4 HOURS 


Fig, 187. Digestibility. The rapidity with which food passes through the stomach 
is an indication of its digestibility. Foods such as raw eggs, steamed plaice or rice pudding, 
which leave the stomach fairly quickly, are readily digestible. Fat foods remain a 
long time In the stomach, because the fat-splitting action of gastric juice is slight. 



secretion of the gastric glands. The 
stimulating action of the extractive 
and roast substances explains the 
custom of beginning a meal with 
bouillon or canapes on toast. The 
custom of drinking small amounts of 
a dry wine is also based upon the 
same fact. In the first place these 


wines also contain bitter extractive 
substances, and secondly alcohol in 
small quantities mobilizes the secre- 
tin of the gastric wall. Human be- 
ings generally are unacquainted with 
secretin, and do not know how 
bouillon, Tokay, and caviar canapes 
act in the stomach; but they do know 













Fig. 188. Eat your meals with a light heart! The stomach of the contented man is 
active and secretes digestive juice copiously: but when a person is worried or depressed 
the stomach becomes sluggish and deficient in secretion, causing a feeling of uneasiness 
and excessive fullness in the abdomen after meals. 


what is good or bad for them, and 
what does or does not agree with 
them. Thus, independently of 
science, they have collected their ex- 
perience and created the “ ritual of 
the meal which the discoveries of 
science have justified. 

Anticipation Helps Digestion 

Be Happy during Meals ! The 
gastric glands also resemble the 
salivary glands in that they do not 
wait for a direct stimulus before be- 
ginning to function, but are activated 
by emotional changes, joy, desire to 
eat, sensory impressions, odours, and 
iniagination, before the food itself 
arrives. 

Thus, if one places food in a dog's 
mouth without permitting the 
animal to see it, the food is swal- 
lowed but it remains lying in the 
dog’s stomach without a concomitant 
secretion of gastric juice. On the 
other hand, if one holds a bowl of 
food before the dog but prevents it 
from eating, the animars stomach is 
Idled with a big lake of gastric juice. 


Ideas have a greater inliuence upon 
the character of the gastric juice than 
the food itself I A disturbing thought 
suffices to interrupt the digestive 
machinery within us. For the stom- 
ach to receive food freely, to cover 
it with gastric juice by means of 
vigorous movements, a meal must be 
eaten without any disturbance and 
in good spirits. The table must be 
appropriately set, the food appetiz- 
ingly prepared and served, and the 
conversation interesting but not too 
serious. All unpleasant news should 
be avoided during a meal [Fig. 188], 

Eat With Enjoyment 

If you wish to keep your stomach 
healthy, learn the art of eating! 
Don’t read a newspaper while having 
your soup, and don’t think of the 
matters to. which you must attend in 
the afternoon while chewing your 
meat. The hour of eating should be 
an hour of forgetting, devoted en- 
tirely to the enjoyment of food. This 
is the best medicine for the mainten- 
ance of youth, health and vitality. 
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CfiAFTER XXII 

The Liver and the Pancreas 

THE LIVER— THE FILTER BETWEEN THE INTESTINE AND THE HEART. 
THE STRUCTURE OF THE LIVER. THE DISINTEGRATION OF THE BLOOD 
CELLS. THE. “HUMANIZING” OF THE FOOD. THE DETOXIFICATION 
OF THE FOOD. THE LIVER AS A FLUID RESERVOIR. BILE. GALL-BLADDER 
AND GALL-STONES. LIVER AND EMOTION. THE PANCREAS AND ITS 
FOUR FERMENTS. THE ISLANDS OF THE PANCREAS. 


A fter leaving the stomach the 
L partially digested food passes 
into the small intestine. Here, al- 
most directly behind the exit of the 
stomach, two digestive glands, the 
liver and the pancreas, empty into 
the small intestine. 

The liver is the largest gland of 
the body and, next to the approxi- 
mately equally heavy brain, the 
largest organ of the body. It weighs 
about three pounds on the average 
and fills the entire space under the 
right half of the diaphragm [Fig. 
169 (i) and Fig. 190]. 

A Filter 

The liver is necessarily so large 
because it not only manufactures 
digestive juices as do the stomach and 
the salivary glands, but in addition is 
also a filter in which all the food 
received from the intestine, with the 
exception of fat, is treated by chemi- 
cal processes. The liver is placed 
as a filter between the intestine and 
the heart [Fig, 189]. The food sub- 
stances absorbed by the intestinal 
wall pass into hundreds of thousands 
of delicate little blood vessels. These 
unite to form a large vessel which 
enters the portal of the liver and is 
called the portal vein [Figs. 190 (a) 


and 198 (P)]. The portal vein rami- 
fies in the liver and breaks up into a 
million tiny vessels; next to the lungs 
the liver is the most vascular organ. 
For this reason larger operations on 
the liver, just as on the lungs, can be 
performed only in rare, exceptional 
cases. Liver wounds are usually 
fatal because the individual quickly 
loses too much blood. The liver is 
a blood-filled sponge which absorbs 
the food digested in the intestine. 

The Structure of the Liver. The 
mass of the liver is composed of 
roughly a million cones each about 
one millimetre in length. Figure 189 
shows such a cone in the centre of the 
picture. The blood, rising from the 
intestine (a-b), flows through it 
(c-d-e), and leaves by way of (f), flow- 
ing through the hepatic vein (g) to- 
wards the heart (h). 

The Liver Cells 

During this journey through the 
liver cones the blood is so finely 
divided that it flows in extremely 
delicate capillaries right next to the 
cells. The liver cells are cubical in 
shape. A cross section of a liver cell 
shows that the edges and sides are 
grooved (p). When the cells lie 
crowded together in the liver, these 
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s-Tooves unite to form tubes. At the intestine to the liver and iiows^to- 
ed<>es of the cells the grooves unite wards the heart (a-b-c-d-e-l-g-h). l he 
to [oral blood ciiannels (q), while bile manufactured in the hyei tiows 
those on the sides form tubes within downward towards the intestine 
which the bile flows (n, o). Not (i-k-l-m). These two streams, the 
only do the liver cells filter the blood rising blood-stream of the portal 
arising from the intestine, but at the vein and the descending stream o 



Fig. 190 . A dissection oj the liver. The blood enters the liver through the portal vein 
(a), which divides into numerous terminal branches (b, c),from which the substances 
carried by the blood pass to the liver cells. The filtered blood collects in the hepatic 
veins (d, e), and afterwards passes to the heart. The bile prepared by the liver cells 
flows through the small bile ducts into the gallbladder (g) and thence through the 
common bile duct (h) into the intestine. Among the numerous functions of the liver 
is the conversion of food into human protein. 

same time they manufacture bile bile^passeachotherliketheascend- 
from Uie substances contained in the ing supply of drinking water in a 
blood. In order to grasp and under- house, and the descending waste, 
stand the structure of the liver one The Dismtegration of the Blood 
must keep in mind the remarkable Cells. The preparation of bile is 
fact that the bile flows to the intes- only one of the many activities of the 
tine in an opposite, retrograde direc- liver cells. Figure 137 depicts life in 
tion. 1 he blood rises from the a hepatic vessel. Polypoid cells flsh 


Work of the liver 




out the old blood cells and prepare 
bile from them. 

The '‘Humanizing” of the Food. 
The liver is the place where the food 
is reconstructed and foreign protein 
is rebuilt to form human protein. In 
the intestinal canal the protein of 
cow’s milk or spinach is broken down 
to its simpler components; in the 
liver the fragments are rebuilt into 
human protein. 

Life Saver 

It is a fact that the intravenous 
injection of foreign proteins or of 
protein derivatives is followed by a 
reaction that varies from a mild rise 
in temperature to a state of extreme 
shock associated with collapse of the 
vasomotor regulation of the circula- 
tory system. Even the products 
formed in the intestine during diges- 
tion — the peptones, for example — 
have an action of this kind when in- 
jected into the blood-stream, with- 
out first passing through the filter of 
the liver and being rendered liarm- 
less. The liver saves our lives daily. 

Detoxification of Food. Toxic 
substances such as nicotine, caffeine, 
morphine, and atropine are bound 
by the cellular protoplasm of the 
liver and transformed into harmless 
compounds. Bacilli are caught and 
eaten by the liver cells. These achieve- 
ments can be proved by numerous ex- 
periments. If a solution of soap is 
in jected into an animaFs circulation 
above the liver, the animal dies; if an 
ec|ual quantity is injected intp the 
portal vein so that the soap solution 
must pass through the liver, nothing 
happens to the animal. The liver 
turns the soap into fat — animal or 
human fat ! If a fatal dose of atropine 
is injected into the general circula- 
tion of an animal, it dies of atropine 
poisoning. Yet four times as much 


atropine can be injected into the 
portal vein, and the animal will 
remain alive! 

The Live}' as a Fluid Reservoir. 
Because of its position between the 
intestine and the heart, the liver acts 
as a dam for all ingested fluids. If an 
individual drinks a large quantity of 
fluid, the liver swells soon thereafter. 
Excessive imbibition of fluid may 
over a long period produce a liver 
as hard as a board. Many habitual 
drinkers have sick livers, owing to 
the fact that they partake of strong 
alcoholic beverages such as whisky, 
which is a poison and damages the 
liver cells. The liver also swells when 
the function of the heart is impaired, 
because owing to the inability of the 
heart to pump the blood through the 
circulation, it is dammed back in the 
veins, thus distending the liver (pas- 
sive congestion of the liver). 

Minute Laboratories 

The liver cell is one of the most 
industrious and capable cells of the 
body. Our minds are utterly un- 
able to comprehend how a micro- 
scopically small dot- — 100,000 could 
find room in a crumb — can carry 
on simultaneously so many and such 
diverse functions as the breaking 
down and reconstruction of carbo- 
hydratevS, protem, and fats, chemical 
processes of the most complex kind 
such as the detoxification of poisons, 
the capture and digestion of bacilli 
and blood cells, and the production 
of highly active extracts and hor- 
mones. 

Bile. From the substances which 
it removes from the blood as the 
latter flows by, the liver cell manu- 
factures the digestive fluid, bile. Bile, 
or gall as it is commonly known, is 
not a ferment. It is the only diges- 
tive juice that contains no Wment. 
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Fig. 191. Gall-stones, These are hard concretions of mixed organic and mineral 
matter which sometimes accumulate in the gall-bladder in large numbers (Left). A 
gall-stone impacted in the bile duct may cause severe pain, while the diverting of the 
obstructed bile into the bloodstream may result in jaundice. On the right is a cross- 
section through a gallstone, showing its structure, which resembles that of an agate. 


Fresh bile is a golden yellow fluid 
which rapidly loses its colour when 
exposed to the air and turns dark 
green. It has such a bitter taste that 
the expression has arisen: “ as bitter 
as gall.” Bile contains two pigments, 
known as bilirubin, or bile red, and 
biiiverdin, or bile green, which the 
liver cell prepares from the pigment 
of the blood, and two bile acids that 
are actually the active components 
of the bile. These acids have thre^ 
principal functions: 

1. The bile acids activate the fer- 
ment of the pancreas: Just as hydro- 
chloric acid activates pepsin — that is, 
transforms the inactive preiiminary 
stage of pepsin excreted by the gas- 
tric cells into the active pepsin-— so 


the bile acid changes the inactive 
form of the fat-splitting ferment of 
the pancreas into the active form. 

2. The bile acids emulsify fat. 
They divide the large fat drops con- 
tained in the mixture of digested 
foods into very fine droplets. On ex- 
amining milk under a microscope 
fine droplets may be seen floating 
about in it. Milk is a microscopi- 
cally fine mixture, ah emulsion of 
fat. If the milk is centrifuged, the 
fat droplets flow together and collect 
on the walls of the vessel as butter. 
In the intestine the reverse takes 
place; here butter is turned into milk 
again. Under the influence of the bile 
all ingested fats are changed into 
milk soon after leaving the stomach. 


i 




Bile Anl its agiDs 


Fig, 192. The pancreas (I) lies partly concealed between the stomach ( 11 ) — much 
of which has here been retnoved—the liver (III), which has been pushed upward, the 
spleen (IV), the left kidney (V), and the small intestine (VI), The vessel (a) is the 
common bile duct; (h) is the point of entry of the pancreatic duct; (VII) is the gall- 
bladder, The pancreas secretes important digestive substances, as well as the hormone, 
insulin, which is the product of its so-called "^ island "'' cells. 


This process could be called the 
“ lactiftcatioii ’’ of fat. Without this 
‘‘ lactification ” fat could be absorbed 
by the body only in small traces. If 
the bile is prevented from entering 
the intestine in animals they become 
emaciated even though they are -well 
fed. As a result of their internal fat 
hunger they are extremely ravenous. 

3. The bile acids make the fat 
droplets sticky. When a painter 
wants to apply oil paint to a fatty 
surface, he mixes the paint with ox 
gall. Then the paitit sticks. After 
being mixed with bile the fat sticks 
to the moist intestinal wall. 

The presence of bile in the in- 
testine is necessary for the normal ab- 


sorption of fat. If tlie supply of bile 
is cut off by the occlusion of the bile 
ducts, the utilization of fat drops 
from about 98 per cent to 40 per cent. 
After being emulsified, the fat is ab- 
sorbed from the intestine and passes 
into the lymph-vessels, . A few hours 
after a meal rich in fats, the intestinal 
lymphatics may be seen to be dis- 
tended with a milky fluid, which is 
known technically as chyle. From 
the lymphatics the chyle passes into 
the thoracic duct, the main lymph 
trunk of the body, and from it into 
the blood-stream. 

Gall-bladder and Gall-stones. The 
bile does not flow directly from the 
liver into the intestine, but first into 
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the gail-bladder, a bag shaped like 
a tobacco pouch. It is attached to 
tlie iuferioi- surface of the liver and 
holds approximately 2 cubic inches 
[log. i6(j (k)]. The bile duct con- 
nects it with the intestine. This duct 
is usually closed. If a portion of 
digested food passes the point where 
it opens into the intestine, however, 
it presses on a nerve switch. The 
gall-bladder contracts, the bile duct 
opens, and a portion of bile flows 
o\cr the food [Fig. 190 (g, h)]. 

I’he gall-bladder is a dispensable 
organ. Many animals have no gall- 
bladder— for instance, the horse, ele- 
phant, camel, pigeon, etc. As is well 
known, stones form quite easily in 
the human gall-bladder. At the age 
of thirty one person in a hundred 
has gall-stones, at fifty one in ten, 
and at sixty-five every fifth person — 
hut not everyone with stones suffers 
because of them. Gall-stones come 
to the attention of their owner only 
when they hinder the noniiai flow of 
bile or cause pain. If a stone becomes 
incarcerated in the narrow duct con- 
necting the gall-bladder with the in- 
testine, a violent spasm or gall-stone 
colic is produced. Tlie l)ile collects 
in the liver and passes into the blood. 
As a result the affected individual 
acquires a greenish-yellow colour; he 
is jaundiced. 

Sinister Beauty 

Ciall-stones are occasionally found 
as large as a hen’s egg, yet they are 
often so small that the gall-bladder 
is filled with as many as two hundred 
small stones. Because they arise in 
a very similar manner, the structure 
of gall-stones is like that of agates. 
When gall-stones are sectioned the 
cut surface is frequently a beautifully 
iridescent ochre yellow or a shining 
malacliiie green. Gall-stones are very 
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beautif:ui-----when held in the hand, 
but not when carried in the gall- 
bladder [Fig. 191]. 

Lzwr TmoObn. The liver is 
also influenced by ideas and emo- 
tions, just like the mouth and the 
stomach. Let us imagine a large 
savoury omelette, served piping hot. 
Not only must we swallow, while 
reading this sentence, because the 
salivary glands have filled the nioutii 
with saliva, not only does gastric 
juice collect in the stomach, but a 
portion of fresh bile also flows from 
the liver into the gall-bladder. In- 
deed, the liver is subject to the in- 
fluence of the emotions to a greater 
degree than any of the other diges- 
tive glands. 

Jaundice 

The influence exerted by emo- 
tion on liver function is quite re- 
markable, and has not yet been en- 
tirely elucidated, llius, a feeling 
of joy produces a moderate increase 
in the flow of bile, sorrow increases 
it considerably, while anger results 
in a stoppage of the flow. If a person 
is overcome by a strong feeling of 
loathing and nausea, the entire 
biliary system contracts: the com- 
mon bile duct which carries the bile 
to the intestine, the gall-bladder, and 
the small biliary passages in the liver 
itself. The bile is dammed back and 
may even pass into the blood vessels 
if the backward pressure becomes 
too great. 

Should this occur, tlie individual 
becomes jaundiced. The most fre- 
quent cause of jaundice is a catarrh 
of the small intestine and the biliar\' 
passages. The mucous membrane 
swells, occludes the bile duct, and 
dams back the bile, which passes into 
the blood. Since the digestion of fat 
is impossible without bile, a fat-free 






Fig. 193 . The interior of the pancreas. The island"" cells (3) occur in groups. 
Nourished by blood vessels (f 2), they pour their hormone secretion (insulin) directly 
into the bloodstream (4, 5). Transported by the blood (6) , insulin stimulates distant 
organs^ such as the muscles. ( See also Chapter XXIV.) 
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diet is prescribed for those affected 
with gall-bladder disease. 

The Pancreas and Its Four Fer- 
ments. To all external appearances 
the pancreas is a very modest part of 
the digestive apparatus. It is small, 
weighing only one twentieth as much 
as the liver, inconspicuous, and grey. 
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Pancreatic juice contains no less 
than three ferments, and they are the 
most active substances in the entire 
digestive canal: 

1. A starch-splitting.ferment, aray- 
lopsin, or pancreatic amylase, which 
like the ferment of the salivary glands 
splits starch (amylum) into glycogen, 



Fig. 194. Digestion by the pancreatic juice. The more complex carbohydrates (a) 
are broken down by the pancreatic Juice to malt sugar (b); while the proteins (c) are 
converted into albumoses (d), peptones (e) and the ultimate elements of protein, the 
amino acids (f). In addition, the pancreatic Juice also breaks down fats to fatty acids 
and glycerin, although this is not shown above. (See also Figs. 175, 185 and 2Q2.) 


and lies hidden in the horseshoe- 
shaped loop of the duodenum, be- 
tween the posterior wall of the 
stomach and the spinal column. 
When sectioned it exhibits nothing 
remarkable, but resembles the saliv- 
ary glands very closely. The pan- 
creas secretes less than any other 
digestive gland, only one fifth as 
much as the considerably smaller 
salivary glands— and yet it surpasses 
all the other digestive glands in im- 
portance and activity [Fig. 192 (I)]. 


dextrin, and finally into malt sugar 
[Fig. 194 (a), (b)]. 

2. The protein ferment trypsin 
splits protein (c) into albumoses (d) 
and peptones (e), and these into 
their ultimate constituents, the 
amino acids (f). 

3. The fat ferment lipase splits the 
fat, which has been emulsified by the 
bile, into fatty acids and glycerin 
[Fig. 172], 

Like the other digestive glands the 
pancreas is activated by the brain. 
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and in the dog it has even been pos- 
sible to discover the centre by which 
the pancreas is stimulated. " ' In addi- ' 
tion, like the liver and the gall-blad- 
der, it is controlled by various nerve 
apparatuses in the intestinal canal. 
If hydrochloric acid from the stom- 
ach enters the intestine, it stimulates 
the intestinal cells to secrete a sub- 
stance which passes into the blood 
and reaches the pancreas, where it re- 
ports: “The stomach has sent acid 
food into the intestine. Prepare your 
secretion 1 ” Two minutes after the 
arrival of the first acid food in the 
intestine the pancreatic juice begins 
to flow from the gland. 

Self-Protecting Cells 

Like the gastric juice, the pan- 
creatic juice is also secreted in an in- 
active form, and first converted into 
an active form by a special substance, 
enterokinase, secreted by the mucous 
membrane of the small intestine. In 
this way the cells of the pancreas pro- 
tect themselves against the digestive 
action of their own powerful secre- 
tion. 

The Islands of the Pancreas. 
Groups of cells lie scattered in the 
tissue of the gland. They are so 
isolated that they are called islands 
[Fig. 193(3)]. These cells are not con- 


nected with the duct of the gland, 
and consequently their secretion is 
unable to flow into the intestine. It 
passes into the blood vessels that sur- 
round the islands and is carried away 
by the blood-stream (4). 

The Ductless Glands 

The secretion of these groups of 
island cells in the pancreas is known 
as insulin. It is one of many glandu- 
lar products that are not secreted by 
means of ducts to the surface of the 
glands but pass into the blood, and 
are therefore known as endocrine or 
internal secretions. These substances 
are also known as hormones, from 
the Greek word honnao^ “ I urge,” 
because they act as chemical messen- 
gers to stimulate distant organs. 
Insulin is carried by the blood to 
the muscles and the liver, enabling 
these organs to utilize the sugar in 
the blood and to store it in the form 
of glycogen. Diabetes is due to a 
lack of insulin. The diabetic patient 
is unable to burn up sufficient sugar 
in his muscles or store it in his liver 
in the form of glycogen, and conse- 
quently the sugar content of his 
blood rises to an abnormal degree. 
This condition is relieved by admin- 
istering insulin obtained from the 
pancreas of sheep and other animals. 





A VIEW INTO THE INTESTINAL CANAL 
Fig. 195. The internal wall of the intestine is furnished with about five million v////, 
each of which has three thousand cells, some of these being absorptive^ while others 
produce mucus. Phagocytes ( Bottom Centre) wander out of the lymph nodes and assist 
in transporting food particles along the intestine. 
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CHAPTER XXIII 


The Intestine 

THE LENGTH OF THE INTESTINE, THE INTESTINAL MUCOUS JvIEMBRANE. 
INTESTINAL MUSCULATURE. INTESTINAL FOLDS. THE C.ECUM. 
DIGESTION IN THE INTESTINE. INTESTINAL VILLI. CELLULOSE. 
PUTREFACTION. THE APPENDIX. INTESTINAL GASES. CONSTIPATION. 


T he part of the digestive appara- 
tus beneath the stomach is 
known as the intestine [Fig. i69(b-h); 
Fig. 196]. It consists of two sections, 
the small [Fig. 196 (c) (1-6)] and the 
large intestine (6-8). Below the point 
where the small intestine enters the 
large intestine the latter forms a 
blind>sac known as the caecum (6). 

The length of the large intestine in 
different animals depends entirely 
on the nature of their food. In 
carnivores the large intestine is 
shorter because they have less diges- 
tive work to perform, since the her- 
bivores on which they feed have 
already accomplished the more diffi- 
cult part of digestion — namely, the 
transformation of plant substances 
into animal substances. Man occupies 
a somewhat intermediate position 
between carnivora and herbivora. 

Those peoples that subsist on vege- 
tables are supposed to have longer 
intestines than members of meat-eat- 
ing groups. In nature there are no 
laws, only rules and exceptions to the 
rules. The rule concerning the re- 
lation between nutrition and the 
length of the intestine is not valid 
for aquatic animals. The dolphin 
has the relatively longest intestine 
of all animals (50 times the length of 
its body); the seal is next (28 times the 
length of its body).. Among domes- 


tic animals sheep and pigs have the 
longest intestines, times the length 
of the animal in sheep, and 14 times 
in pigs, while in dogs and cats the 
intestine is 4 to 6 times the length of 
the animal. The human intestine is 
28 feet long. However, all these 
measurements are valid only after 
death, when the tonus of the muscle 
fibres is gone. During life the human 
intestine is only 10 feet long. 

The Parts of the hitestine. In 
Figure 169 we can trace the tortuous 
path of the intestine. After leaving 
the stomach food passes into the first 
convoluted section of the small in- 
testine, known as the duodenum (b) 
because it is twelve finger-breadths 
long (from the Latin diiodeni, mean- 
ing “twelve at once”). Here the ducts 
of the liver and the pancreas empty 
into the intestine [Fig. 192 (a), (b)]. 
Then the food traverses many loops 
of small intestine [Fig. 169 (c, d, e)] 
into the right, lower region of the 
abdomen (f). Where the small in- 
testine enters the large intestine, 
there are two flaps of mucous mem- 
brane that function as a valve. On 
the other side of this valve is the 
large intestine. In contrast to the 
numerous coils of the small intestine, 
which are not arranged in any par- 
ticular order, the large intestine is 
an organ with a dehni te form and 
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Fig. 196. Carnivores (a) have a short, and herbivores (b) a long, intestine — roughly 
five and sixteen times as long as the trunk respectively. The dead human intestine ( c) 
is eight times the trunk-length, although during life muscle tonus contracts it to about 
ten feet (d). The narrow tract is the small intestine, the broad part the large intestine; 
the striped portion is the ctecum. The numbers indicate trunk-lengths. 


location. It begins with the caecum, 
located in the right, inferior ab- 
dominal region (g), ascends perpen- 
dicularly to the liver (h), then passes 
horizontally in front of the lower 
border of the stomach leftwards to 
the spleen. At this point it turns 
downward and descends to the 
pelvis, where it describes an S-shaped 
curve and passes into the rectum, 
which teiininates at the anus: 
Figures 198 and 199 (c, d, e, f, g) 
show the small intestine and the 
large intestine respectively. 

The undulating, fringe-like tissue 
in Fig. 199 is the edge of the mesen- 
tery, which has been severed . verti- 
cally, while much of the small 
intestine has been removed. The 
mesentery is a fold of the peritoneum 
by which the intestine is attached to 
the posterior wall of the abdomen. 


The severed ends of the small in- 
testine are shown at (a) and (b). 

The apparently confused mesen- 
tery becomes comprehensible if one 
traces it from (a) along the convolu- 
tions of the fringe to (b), bearing in 
mind that the small intestine was 
suspended from the fringe. At (c) 
is the caecum, 4 ;he first part of the 
large intestine; (d) is the ascending 
colon; (e) the transverse colon; (f) the 
descending colon and the sigmoid 
(S-shaped) flexure; (g) is the rectum. 

Mucous Membrane. Although it 
is barely, if at all, thicker than the 
paper of this page, the intestinal wall 
possesses a most ingenious structure 
[Fig. 197]. No fewer than nine layers 
(a-i) are superimposed ! The upper- 
most, inner layer consists of high 
columnar cells. The exposed ends 
of these cells exhibit a bright striated 
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edge which is ■probably, of great sig- 
.'iiificance. for the absorption of the 
digested food. , Ainong these cells .are 
others, shaped like goblets and filled 
with a special protoplasmatic pro- 
duct called mucin. In the upper left 
corner a goblet cell is shown in the 
act of pouring out its contents; in 
the opposite corner an empty goblet 
cell is seen in the resting stage. Gob- 
let cells are the smallest glands in the 
body; they are unicellular glands. 
Membranes containing such goblet 
cells are (‘o\'ered with a moist mucous 
coat, and are known as mucous mem- 
branes. Tlic oral cavity, the alimen- 
tary canal, the conjunctival sac of the 
eye, the respiratory passages, and the 
urogenital passages are lined with 
mucous membranes. 

The Intestinal Musculature. The 
greater part of the intestinal wall con- 
sists of muscle fibres, arranged in two 
layers, an inner circular and an outer 
longitudinal one [Fig. 197 (e), (f)]. 
With the changing tonus of these 
muscles the intestinal tube becomes 
narrower or wider, and the alternate 
contraction and relaxation of the 
muscles produces the peristaltic 
movements of the intestine. Between 
the muscle layers pass nerves and 
blood vessels arranged in extremely 
complex systems. The movements 
of the intestine are excited and regu- 
lated by the mass of digested food 
which fills the intestinal tube. The 
food entering the small intestine is 
subjected to two kinds of movements. 
The purpose of these movements is 
to mix the food thoroughly with the 
intestinal secretions and to move it 
along the intestine. The small in- 
testine consists of innumerable loops 
[Fig. 198]. At any given time each 
loop contains a certain quantity of 
food. This food is mixed by means 
of a series of movements described 
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as rhythmic segmentation. At inter- 
vals of about an inch the circular 
muscle fibres contract simultane- 
ously, thus segmenting the food con- 
tained in the intestine. These con- 
strictions soon vanish and are fol- 
lowed by new ones located halfway 
between the first. Thus the food is 
again segmented but in another posi- 
tion. These constrictions, in turn, are 
followed by another group in the 



Fig. 197. Section of the intestinal wall. 
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Fig. 198; The small intestine with its system of blood vessels and lymph vessels. Tin 
blood vessels convey protein and sugar through the portal vein (P-Q) to the liver 
The lymph vessels convey fat from the intestine to the blood near the heart. 


same position as the first one. These 
stationary waves recur ten to twenty 
times a minute, and the entire mixing 
process lasts thirty to sixty minutes. 
During this period digestion takes 
place. The food iitass contained in 
the intestine is churned and 
thoroughly mixed with the intestinal 
secretions. After the food has been 
thoroughly churned for about thirty 


minutes, the constrictions die away 
and a peristaltic wave develops which 
carries the mass into the next loop, 
where the same process is repeated. 
In this manner the food is digested 
and propelled through the small in- 
testine. 

The Intestinal Folds, In order to 
be able to absorb the products of 
digestion better, the intestinal wall 
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ill the course of its evolution has de- 
veloped folds. The amphioxus, the 
lowest of present-day vertebrates, has 
a smooth intestine. In primitive 
lamprey eels the intestine acquires a 
iongitudinal fold; in lower cartilagi- 
nous fishes this fold takes a spiral 
course; and in the higher vertebrates 
the spirals are so close together that 
they are almost transverse to the 
longitudinal axis of the intestinal 
tube [Fig. ‘400]. The food is delayed 


by these folds, since it niiist collect 
ill the hollows between them and 
pass over each individual fold like a 
horse over the hurdles of a race- 
course, Since the folds are not stiff, 
but mobile, they function as spoons 
that stir and mix the food. 

The Ccecum.Th^ coils of the small 
intestine wind back and forth, but. 
like the turns of a descending moun- 
tain road, they carry the foocl deeper 
and deeper. The end of the small 


Fig. 199. The large intestine 


the mesentery^ after removal of the small intestine 
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Fig. 200. The folds of the intestine. In order to increase its digestive 
and absorptive surface and to ensure as close a contact as possible between the food and 
the digestive juice, the intestinal wall has developed transverse folds. Each fold bears 
smaller processes called villi, which resemble minute tentacles. 


intestine in the right lower quadrant 
of the abdomen is likewise its deepest 
point. Here the food must pass a 
valve, and now it enters the widest 
portion of the intestinal canal, the 
caecum. The ctecum is the closed 
end of the large intestine below the 
point of communication with the 
small intestine, and is about the size 
of a fist. The lower fishes have no 
caecum. In bony fishes, however, the 
intestine has developed accessory 
spaces, analogous to the caecum — in 
some cases as many as two hundred ! 
In land animals these accessory spaces 
have disappeared and mammals have 
only the caecum. Herbivorous 
animals that devour large quantities 
of food which is hard to digest have 
a large caecum; carnivores have a 
small ciecum or none at all. Man is 


intermediate between these two 
groups, but is closer to the carnivora. 

When it enters the large iniestine 
the digested food is a semi-liquid. 
In the caecum and the ascending and 
transverse portions of the large in- 
testine this material is thickened by 
the absorption of water from it, until 
it is transformed into semi-solid 
faecal matter. In order to prevent 
their contents from passing on too 
rapidly, these portions of the large 
intestine carry out anti-peristaltic 
movements. These movements con- 
sist of peristaltic waves that start in 
the transverse colon and sweep back- 
ward towards the valve separating 
the large from the small intestine. 
These movements cause a thorough 
churning up of the contents and pro- 
duce a close contact with the in- 
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testi 11 a! wall, resiil ting in the absorp- 
tion of water. The drier, semi-solid 
mass collects in the transverse por- 
tion of the large intestine. True peri- 
staltic waves then carry these hard 
masses into the rectum. 

A. Natural Hydraulic Press. The 
ascending portion of the large 
intestine is the only section of the in- 
testinal tract in which the food must 
rise perpendicularly against the force 
of gravity for some distance. For this 
purpose a special force is needed, 
llie force employed is hydraulic 
pressure. The caecum works on the 
principle of a hydraulic press. Ac- 
cording to the fundamental law of 
hydraulics, the pressure exerted on a 
fluid or semi-fluid mass is transmitted 
equally in all directions. If pressure 
is exerted tlirough a narrow water- 
filled tube with a cross section of one 
square centimetre on a water-filled 
chamber with a cross section of one 
square metre, each square centimetre 
of the chamber exerts a pressure 
equal to that exerted by the water 
in the small tube. The pressure effect 
increavSes at the surface of the water, 
in this case ten thousand times. The 
orifice by which the small intestine 
communicates with the large intes- 
tine is narrow. At a result the pres- 
sure in the former is increased. This 
increased pressure acts as a hydraulic 
force on the contents of the cascum 
and raises it without any effort in 
the ascending section of the large in- 
testine [Fig. 201]. 

Digestion in the Intestine. During 
its passage through the intestinal 
canal the food is digested. The wall 
of the small intestine contains not 
only muscle fibres but approximately 
twenty million small glands that 
secrete no less than five to ten quarts 
of juice into the intestine [Fig. 203 
(b)]. This fluid soaks and softens 


the food to such an extent that, with 
the exception of its absolutely in- 
soluble constituents, such as hard 
shells, small fruit seeds, and indiges- 
tible fibres, it is partly liquefied and 
passes from the small to the large 
intestine in this semi-liquid state. 
Here this food is again thickened by 
the withdrawal of water and changed 
into faeces. Like the pancreatic secre- 
tion the intestinal juice also contains 
three ferments [Figs. 172, 202]: a 


Fig. 201. The small intestine and emeum 
form a hydraulic press, which helps to 
propel the contents of the large intestine 
upwards against the force of gravity. 
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carbohydrate ferment, which splits 
all higher sugars and starches to 
grape sugar (a), a protein ferment 
that breaks down all proteins into 
their constituent amino acids (b), 
and a fat ferment that splits fat into 
glycerin and fatty acids 

The Intestinal Villi. In order to 
be able to absorb the digested food 
as well as the large quantities of 
secreted digestive fluids, the in- 
testinal wall has enlarged its surface 
by developing not only larger folds 
but also minute processes known as 
villi. When examined with a lens 
the mucous membrane is seen to be 
covered with closely packed pro- 
cesses resembling' the pile of velvet. 
Each villus is to of an inch long 
[Fig. 195]. In their structure and 
actions the villi resemble the ten- 
tacles with which lower sea animals, 
such as corals and sea-anemones, cap- 
ture and suck out their prey. In 
Figure 203 the life of the intestinal 
villi is represented in extremely sim- 
plified form. (A), (B), and (C) are 
three intestinal villi in diflerent 
phases of their activity. (A) is an 
empty villus filling itself with food, 
(B) is a filled villus, and (C) is a villus 
that has evacuated its contents. 

Chemistry of the Bowel 

At the upper left is a food par- 
ticle that has passed into the small 
intestine in a half-digesled condition. 
By pressure on the villi beneath it 
(e) the gland (b) at the bottom Is 
notified of the arrival of the particle, 
whereupon it pours a stream of diges- 
tive juice (c) over the food. In ad- 
dition to the mechanical stimulus 
exerted by the intestinal contents, 
the flow of intestinal juice is also 
provoked by chemical stimulation. 
At the same time wander cells creep 
out of the lymph node (d) to gnaw at 


the food and to carry aw^ay its in- 
soluble parts. As a result of the 
digestive action of the glandular 
secretion meat is converted into meat 
water (amino acids), starch into sugar 
water (grape sugar), and fat into 
glycerin and soap. A villus is lined 
with 3,000 cells, and each cell has a 
bright striated border by means of 
which it performs its absorptive func- 
tion [Fig, 197]. 

‘‘Milk Pumps ” 

In the interior of the villus 
there are two sets of pipes, the blood- 
and the lymph-vessels. The blood- 
vessels [Fig. ^^03 (g)] are located ex- 
ternally and absorb both amino acids 
and sugar. These two classes of sub- 
stances pass by way of the path (1, s, 
3) into the blood-stream. The lymph- 
vessels end as narrow bags (f). These 
bags suck themselves full of glycerin 
and soap (I), from which they form 
human fat, so that the nutritive fluid 
is transformed into a kind of milk. 
When the villus has become filled 
with milk (II), it contracts and pushes 
the milk into the iymph-vcssels (III). 
Intestinal villi are “ milk pumps.” 

Cellulose. All easily digestible 
substances are absorbed in the small 
intestine. The remaining materials 
pass the valve bet'vv^een the small and 
the large intestines and enter the 
cjccum. Here a new section of the 
alimentary canal with new digestive 
methods begins. Until now the food 
has been digested by the glandu- 
lar secretions, acids, and ferments. 
The remainder of the food, which 
has resisted digestion until now and 
passes into the caecum, can no longer 
be taken care of by means of animal 
secretions. The animal body is able 
to split starch into sugars, protein 
into amino acids, and emulsified fat 
into glycerin and soap However, a 
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vegetable diet contains carbohy- 
draies that are harder than starch 
and cannot be attacked by the fer- 
ments of the animal body. In the 
human diet the most common of 
these carbohydrates is cellulose. Cel- 
lulose is a substance manufactured 
by plants from sugar and starch in 
order to pi'otect their soft interiors 


beans, the brown skins of wheat 
grains are all cellulose capsules. 
Cellulose cannot be digested by the 
animal body, so the capsules of nuts, 
wheat, etc., must be removed before 
these plant products are eaten. The 
internal framework of oranges, 
apples, potatoes, asparagus, etc,, also 
consists of more tender forms of 



Fig. 202. Digestion in the small intestine. The enzymes produced by the glands 
of the small intestine break down the food molecules to their simplest components. 
Carbohydrates are converted to grape sugar (a), proteins to amino acids (b). 
The break’-down of fats is not shown above. (See also Figs. 175, 185 and 194.) 


from being destroyed by water, wind, 
light, and above all by insects. The 
bark of a tree is a covering of cellu- 
lose, by means of which the tree pre- 
vents any contact between its vascu- 
lar system and the outer environ- 
ment. A nutshell is a small cellulose 
chest in which the plant packs its 
embryo so that it can pass the winter 
in safety. Every plant embryo lies 
in such a cellulose cradle. The skin 
of an apple or a turnip or the peel of 
an orange, the pods of peas and 


cellulose. Thus a vegetable diet 
brings cellulose into the intestine; 
the coarser the diet, the greater is the 
quantity of cellulose. A line diet 
containing wheaten flour, noodles, 
macaroni, farina, white bread, and 
rice is a diet that contains little cellu- 
lose and is consequently completely 
digested in the small intestine. A 
coarse diet consisting of llie darker 
kinds of flour, black bread, cabi)age, 
turnips, cucumbers, pumpkin, ber- 
ries, and mushrooms is a diet contain- 
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Fig. 203. The life of the intestine, showing villi ifi various' stages oj activity 


Lng large quantities of cellulose. The 
nutritious substances of these plants 
are for the most part enclosed in cel- 
lulose coverings. Potatoes and oat- 
meal are approximately intermediate 
between coarse and fine foods. The 
latter are digested in the small in- 
testine; the former enter the ciecum 
in considerable quantities. 

Putrefaction in the Large Intestine. 
The animal body is powerless against 
cellulose, but many bacteria live by 
breaking down cellulose molecules. 
Approximately seventy species of 
these bacteria live in the large in- 


testine — countless billions of them ! 
Man excretes about lOO thousand 
million bacteria daily by way of the 
intestine. These bacilli live excltr 
sively in the large intestine. In con- 
trast to the ferment digestion in the 
mouth, stomach, and small intestine, 
food is subjected to bacillary diges- 
tion in the large intestine. This type 
of digestion is known as putrefaction. 
The nutritive material obtained by 
the digestion of cellulose is slight and 
insignificant for man. Despite the 
bacilli of the large intestine, man 
cannot live on wood shavings and 
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potato peelings. However, the 
swollen and half-digested skins still 
contain valuable nutritive materials 
that are liberated by intestinal putre- 
faction. The most valuable protein 
of rye is found in the cellulose husks 
contained in black bread; the most 
nutritious substances in a potato are 
found under the skin; and the same 
is true of apples and berries. For 
this reason it is best not to feed 
children exclusively on peeled fruit, 
or white bread, farina, and noodles, 

, but to add coarser foods to their diet. 

A Slow Process 

In contrast with digestion by 
i means of ferments, putrefaction is a 
slow process. As a result the food 
remnants remain much longer in the 
large than in the small intestine. In 
order to mix the food well with the 
bacilli, and to give them time to 
initiate putrefaction, the caecum is 
interposed as a large sac between the 
small intestine and the rest of the 
large intestine. For this reason, too, 
the large intestine carries but its anti- 
peristaltic movements, by means of 
which the food mass is prevented 
from rising rapidly and is repeatedly 
mixed ancl churned [Fig. eoi]. 

The Appendix. The vermiform 
appendix, a narrow tube projecting 
from the caecum, is not really a diges- 
tive organ. It is abundantly equipped 
with lymphoid nodules. Frequently 
the appendix becomes inflamed, pro- 
ducing the condition known as ap- 
pendicitis and requiring surgical 
intervention. 

Intestinal Gases. During putre- 
faction gases are produced. When 
dough ferments, carbon dioxide 
bubbles are formed. This gas pro- 
duces the pores in bread and makes 
the compact dough light and diges- 
tible. Carbon dioxide arises in a 
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similar manner in fermenting wine. 
In the course of intestinal putrefac- 
tion carbon dioxide and methane are 
formed from fermented sugar, 
ammonia is split off from the amino 
acids, and phenol, cresol, iiidol, 
skatol, and hydrogen sulphide (sul- 
phuretted hydrogen) arise from the 
complex proteins. The foul-smelling 
gas produced after eating legumes 
rich in sulphur, eggs, onions, and 
chives is hydrogen sulphide. 

Feeces. In the large intestine the 
food is once more subjected to a pro- 
cess of elimination. Whatever 
nutritious elements remain are ab- 
sorbed, water is removed from the 
faeces to thicken them, and in addi- 
tion the large intestine excretes a 
number of waste products formed in 
the body. As the terminal section of 
the alimentary canal the large intes- 
tine is not only an organ for the ab- 
sorption of nutritive substances but 
also an important excretory organ. 

Excretion 

Solid, fluid, gaseous are the three 
states of matter, and the body has an 
excretory organ for each form. The 
lungs excrete gases, the kidneys 
water-soluble salts, and the large in- 
testine insoluble metabolic com- 
pounds. Independently of the in- 
gested food, the large intestine ex- 
cretes daily twenty grams of sub- 
stance, consisting in part of thick- 
ened indigestible food remnants and 
digestive juices, in part of iron and 
calcium compounds excreted from 
the blood. If an animal is starved 
it nevertheless produces slight quan- 
tities of feces. This fecal material 
has a black, tarry character. When 
a child leaves its mother’s womb it 
has eaten nothing but the water con- 
tained in the uterus, and hairs float- 
ing around in this water. Yet its 
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(a) seventy-five different kinds of 
(d) bread remnants, (e) beer yeast, 
ides, (i) pea skins, (k) feathers, 
) pear particles, (p) apple skins, 
(t) blood corpuscles, (u) starch 
ron, (y) magnesium, (z) calcium 
is a valuable aid in diagnosis. 


large iulestine contains a dark 
brownish-green hecal mass, known as 
meconium, which the child evacuates 
after it is born. 

Resides water, notmal human 
heces contain chiefly bacilli — man 
excretes several billion bacilli daily. 
In addition feces consist of undiges- 
ted meat and vegetable fibres; skins 


of fruit and vegetables; coffee, tea, or 
cocoa particles; and, finally, constitu- 
ents excreted by the large intestine 
such as calcium, iron, phosphorus, 
magnesium, blood and connective- 
tissue cells, crystals of fatty acids, and 
the like. Figure 204. shows these 
remnants of the digestive process ar- 
ranged in a series (a) to (z). Stool 
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invest iga tion is one of the diagnostic 
methods employed by the doctor, 
'riic quantity of fat contained in the 
faxes reveals information regarding 
the digestive power of the pancreas; 
the presence or absence of bile pig- 
ments is indicative of the functional 
state of the liver; the presence of 
blood may reveal bleeding some- 
where in the intestinal tract; and pus 
cells show concealed suppuration. 

Gonstipation. The inadequate 
elimination of faeces is known as con- 
stipation. The question of how many 
bowel movements a normal person 
should have in one day cannot be 
answered. On the average an in- 
dividual has one evacuation in 
twenty-four hours. There are people, 
however, who go to stool several 
times a day and are still normal and 
healthy. The concept of constipa- 
tion cannot be understood simply 
on the basis of the number of stools, 
or of the time elapsing between 
evacuations. A person is constipated 
who carries thickened fsecal material 
for an unnecessary length of time in 
his intestine because he either goes 
to stool too' infrequently or has an 
inadequate evacuation. 

Incompiete Elimination 

Normally, about four fifths of the 
hecal material to be evacuated should 
be present in the rectum when the 
individual goes to stool, and should 
be completely evacuated so that after 
a bowel movement only one fifth of 
the hecal. mass remains behind in the 
upper sections of the intestine. Con- 
stipation is present if considerable 
quantities of heces remain in the 
large intestine after an evacuation, 
no matter how often the individual 
goes to stool or how much heces he 
evacuates. An individual can have 
a ])owel movement daily and yet be 
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constipated, because despite a nor 
mal evacuation an equally large or 
often still larger C|uantity of heces re- 
mains in the upper sections of the 
large intestine. 

Training the Intestine 

The existence of constipation can 
be recognized more easily from the 
character of the evacuated heces thatt 
from the quantity or frequency of 
the stools. A normal stool evacuated 
at the right time should have the 
form of a column. If the stool is 
too fluid, so that it flows apart, a 
premature evacuation or diarrhoea is 
present; if it is so hard that, in- 
stead of a column of heces, small 
pieces or ball-shaped fragments, the 
size of plums o#cherries, are evacu- 
ated, then defecation is delayed. 

A healthy intestine should be so 
regulated that the evacuating mech- 
anism of the rectum will be activated 
when the faecal column has attained 
a certain degree of hardness. When 
a sufficiently hard and large column 
of faeces has collected in the descend- 
ing branch of the large intestine, 
producing a certain degree of dis- 
tension, the faeces are passed into the 
rectum. The entry of heces into the 
rectum gives ri.se to a feeling of full 
ness and acts as a call to defecation. 

The Therapy of Constipation, The 
best remedy against constipation is 
the training of the intestine to 
acquire regular habits. The act ol 
defecation is semi-automatic; one 
can learn to control it both posi- 
tively and negatively. During the 
first two years of its life a child must 
be trained to evacuate its intestine 
every morning. This routine must 
be carried out quite strictly. Oiice 
the intestine has established a 
regular habit, it continues to func 
tion automatically throughout life 









METABOLISM OF FATS IN THE BODY 
Fig, 205. Under the blows of an enzyme hammer, the oxygen chisel knocks a CH 
group from each fatty agid in turn, like severing the links of a watch-chain. 
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Fuel Becomes Energy 

MAN AND MACHINE. WATER METABOLISM. THE BLOOD REM.AINS 
UNCHANGED. THE IMBIBED FLUID. THE WATER CENTRE. INTRAVENOUS 
INFUSION. COMBUSTION AND OXIDATION, FAT METABOLISM. SUGAR 
METABOLISM. INSULIN. PROTEIN METABOLISM. 

M an and machine exhibit far- are 30 to 90 per cent water [Figs. 222 
reaching similarities [Fig. 207]. and 223]. Besides these three quarts 
Both derive their energy from the that enter the body from outside in 
combustion- of carbon which they ob- the course of a day, about ten quarts 
tain from plants. Man, the weaker of water pass back and forth within 
machine, utilizes fresh plants for the body between the various organ 
fuel, while the locomotive, a stronger systems. In order to convince our- 
machine, uses fossilized plants in the selves, let us stop reading for a 
form of coal. They inhale oxygen, moment, suck some saliva from the 
combine it with carbon by means of salivary glands, and swallow it. What 
combustion (1), and exhale the car- have we done? We have sucked a 
bon dioxide produced during this small quantity of water frorn the 
process (6). They employ water, glands; in order to replace it an 
which circulates through the blood- equal quantity of water passes out 
and lymph-vessels of the body, and of the blood vessels into the salivary 
through the pipes of the machine, as glands during the next few moments, 
a heat conductor. An incombustible This transfer of water from the blood 
remnant is left over as ashes or feceS. to the mouth is repeated as often as 
Both transform the energy thus ob- we swallow. The swallowed water 
tained into the motion of levers rotat- returns from the stomach and intes- 
ing in joints (4). to the blood, and thus ten quarts 

The -various changes which the circulate daily between the blood 
substances undergo within the body- and the organs. 

machine during these processes is The Blood Remains Unchanged. 
known as metabolism. The quantity of blood in the vessels 

Water Metabolism. In the course is about five quarts. Two of them 
of a day man ingests approximately comprise the solid and dissolved con- 
two quarts of water as fluids and one stituents such as cells, salts, the clot- 
quart in so-called solid foods such as ting substance, fibrin, while the water 
fruit, vegetables, bread, and meat, in which these elements are con- 
which are really not dry since they tained makes up the other three 
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(|uans. Tilt salt content of the blood 
c on'es})onds to a concentration of one 
per cent. Despite the continuous 
active passage of water, the water as 
well as the salt content of the blood 
remains unchanged. No matter 
whether an individual is “ dried 
up’' after a long hike in the sum- 
mer lieat , or whether he returns home 
after a convivial evening with four 
quarts of beer inside him, his 
blood vessels still contain three 
quarts of water with a one per cent 
concentration of dissolved sub- 
stances, The throat, the stomach, 
the muscles, and the skin may be 
dry, but the blood vessels are not. 

Reservoirs of the Body 

Conversely, a person may fill 
himself with exti^emely large quanti- 
ties of water, as much as four, six, or 
even ten quarts of water, as in cer- 
tain types of diabetes, yet he cannot 
dilute his blood by even one twen- 
tieth of one per cent. If a Lilliputian 
were to stand on the bank of a blood 
vessel and observe the height of the 
blood-stream, he would never notice 
any change. He would not know 
whether it was summer or winter out- 
side, whether the individual was 
thirsty and wanted a drink, or 
whether he was standing at a bar and 
linishing his seventh drink. Figure 
206 illustrates schematically the man- 
ner in which this marvellous regula- 
lion of water metabolism functions. 

IV here Does the Imbibed Fluid 
Remain! Let us look at the diagram 
[Fig. 206] : (a) is the intestine, (b) the 
liver, (c) tiie heart, (d) the muscle, (e) 
the kidney, (f) the bladder, and (gy 
one of the many metabolic centres 
situated in the depths of the brain, 
in this case the water centre. Those 
parts shaded by parallel lines are the 
places where water collects: the stip- 


pled canals are the blood-filled ves- 
sels. The diagram sl}Ows a man wdio 
has had four litres (nearly 4I quarts) 
of beer. His blood remains un- 
diluted. One litre of fluid is in 
the intestine (a), and another 
litre has passed through the intes- 
tinal blood vessels into the liver, fill- 
ing this organ (b). The liver is a 
large fluid reservoir inserted between 
the intestine and the circulatory sys- 
tem, which inteixepts fluid absorbed 
by the intestine in order to protect 
the blood. It is the reservoir of the 
circulation. For this reason the liver 
swells after the ingestion of fluids. 

Next to the liver the muscles form 
the second largest fluid resei'voir of 
the body. Man carries fifty-five 
pounds of muscle on his body. These 
distensible muscle fibres are capable 
of absorbing large quantities of 
water. The muscles are by far the 
greatest water reservoir of the body. 
They can absorb from the circula- 
tion as many as thirty quarts of 
water. The third of the four litres 
of beer in our diagram has vanished 
into the muscles (d). 

Filters 

The kidneys are attached to the 
circulation. They filter the blood, 
removing from it both water and 
salts, wTich pass into the bladder as 
urine (f). The fourth litre of the 
imbibed beer is to be found in the 
kidneys and in the bladder — but 
there is none of it in the blood 1 

The Water Centre. The regula- 
tion of the water exchange between 
the liver, muscles, and kidneys is car- 
ried out by a “ lock-keeper ” situated 
in the brain, in the form of a nervous 
apparatus called the water centre,, in 
the depths of the brain lie a number 
of nerve centres that regulate meta- 
bolism and are therefore known as 
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metabolic centres. The blood flows 
past theiiL and the individual nerve 
apparatuses are adapted to a certain 
content of metabolic products— pro- 
tein, sugar, fat, water, salt, phos- 
phorus, calcium, carbon dioxide, 
urea, etc. — in the blood. By analogy 
with the water level the blood con- 
tent of these various substances is 
referred to as their blood “ level ’'; 
thus one speaks of a blood sugar 
level, or a blood calcium level. These 
centres are united by means of nerve 
connections with the organs that are 
important for the metabolism of the 
substance in question. The water 
centre is connected with all the 
organs, but especially with the 
muscles and kidneys (I and II). 

We can see how the blood flows 
around the water centre, which is 
adapted to a certain water content 
of the blood. If the liver gives up 
some of the fluid received from the 
intestine, thus raising the water level 
of the blood, the water centre stimu- 
lates the muscles by way of nerve 
path (I) and they absorb water. At 
the same time, by way of nerve path 
(II), it stimulates the kidney to ex- 
crete water. This stimulation con- 
tinues as long as the liver gives off 
water to the circulation. The blad- 
der is filled, the individual evacuates 
the excess water; more water passes 
into the atmosphere through the skin 
and lungs. In this manner the excess 
fluid, the four litres of beer, are soon 
eliminated through the urine, the 
feces, perspiration, and exhaled air. 
But the water level of the blood has 
remained tlie same. 

Intravenous Infusion. The rapid 
regul ation of the water balance in 
the Body is most strikingly exhibited 
when fluids are introduced directly 
into the veins in the form of an in- 
travenous infusion. If an individual 
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has lost too much blood, or if the 
blood vessels are paralysed and flac- 
cid as in shock, so that the blood col- 
lects ill tile abdominal area, and the 
heart has not enough fluid left to 



Fig. 206. No matter how much liquid is 
drunk, the blood is not diluted thereby, 
nor is its quantity increased. The surplus 
water is stored in the intestine (a), the 
liver (b), the muscles (d), the kidney (e) 
and the bladder (f). The nerve tracts (I) 
and (JI) communicate with the water 
centre (g) in the brain; (c) is the heart. 

pump through the circulatory sys- 
tem, it becomes necessary to fill the 
blood vessels artificially. This is 
done either by transferring blood 
from one person to another (blood 
transfusion), or by introducing a 
saline solution through a vein in the 
arm (intravenous infusion). While 
one or two quarts of fluid may be in- 
troduced into the vessels in this man- 
ner, yet the normal quantity of blood 
IS not augmented in any considerable 
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Fig. 207. Both man and machine use plant products containing carbon for fuel (1). 
They consume the fuel through the addition of oxygen (2)^ utilize the heat obtained in 
this way, and get rid of the carbon dioxide produced in the course of this process (6), 
The heat is distributed by a fluid ( 3) circulating in pipes and is employed to operate 
levers and joints (4). The non-combustible residue is eliminated as ashes or fmces (5). 
The conversion of food substances into energy inside the body is called metabolism. 
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degree. As soon as normal vascular here, but rather- chemical transforma- 
tension is reached, a good part of the tions proceeding in accordance with 
excess is automatically taken up by definite laws. Combustion in The 
the liver, muscles, and kidneys. Like organism is a ferment process. There 
the body and every organ in it, the are combustion ferments whose func- 
blood resists any attempted change tion it is to bring about the union of 
in its basic composition or structure, oxygen and fuel, producing orderly. 
Combustion and Oxidation. The regulated oxidation of the fuel. 

I source of energy for both the machine 

1 and the organism is combustion — Ferment Cannon ” 

> that is, the splitting of the large fuel The ferment of oxidation can be 

molecules with the aid of oxygen, compared with a cannon which hurls 
Combustion in a machine is essen- oxygen atoms into the solar system of 
tially the same as that in a living the molecule in order to shoot in- 
body, but the manner in which it dividual planets out of the system, 
takes place is different. During com- The solar system is not destroyed by 
bustion in inanimate nature the a cosmic catastrophe, but is ‘‘taken 
splitting of the ■molecules is a violent, apart.’’ As each planet is knocked 
anarchic, catastrophic process; in liv- out of the system it gives up a part 
ing organisms it takes the form of of its energy for the metabolism of 
I a systematic, orderly breakdown. the body. 

We take a match and light it. Ap- Fat Metabolism. Best known is 
parently a commonplace act, yet it is the chemical mechanism of fat meta- 
actually an extremely exciting play, holism. The fatty acids form chains, 
If we only had microscopes with mag- which for purposes of illustration 
nifications of a million times so as to may be compared with watch-chains 
be able to see this microcosmic [Fig. 205]. A large molecular group 
drama! For it is a drama that takes is suspended from each end of the 
place. Like comets the oxygen atoms chain; between them is a chain con- 
I rush into the molecular solar systems; sisting of small links, each repre- 

^ the circling planets are stopped in senting a simple CH. group. The 

1; their paths; and the heat created by complexity of a fatty acid depends on 

this sudden cessation increases their the number of these links. The fats 

temperature to catastrophic heights, of the human body are fatty acids 
The internal energies are set free with fourteen to sixteen links. In 
with explosive force, producing heat, the oxidation of a fatty acid one link 
light, and flaming fire — the match after another is knocked off the 
burns. The burning of a molecule chain, until the chain between the 
of matter is a microcosmic upheaval, watch and the watch-charm has dis- 
appeared. Then these two large 
Mild Process pieces are also split up into carbon 

So-called combustion of substances dioxide and water, 
in the metabolism of organisms is The oxygen molecule which 

very different. Neither fire nor knocks the links off the chain is re- 
deadly heat is produced, but rather presented as a chisel; the ferment 
a mild, precisely regulated warmth, which sets the chisel in motion as a 
This is an indication that no catas- hammer. The number of links re- 
trophic processes are taking place moved from the chain, and the 
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lapidiiv with which this process oc- 
curs,, de])en(l on the blows ol the ham- 
iner — that is, tlic feniienl. By means 
ol the agency of fern ten is the organs 
regulate the Intensity of the oxida- 
i i ve processes. If heat or some other 
form of energy is required, the cells 
produce corresponding quantities of 
oxidation ferment to furnish the 
hammer-blows directed against the 
links of the chain. 

Sugar and Insulin 

Sugar Metabolism. The actual 
fuel and motor substance of the body 
is sugar. AIT the carbohydrates in 
our food (Hour, bread, cake, noodles, 
rice, farina, potatoes, oats, sugar, 
chocolate, honey, fruits, jellies) are 
broken down in the intestinal canal 
!(> grape sugar and in this form pass 
ihroiigh the portal vein into the liver. 
Here the grape sugar is stored as the 
starch of the body (glycogen). 

Insulin, llie transformation of the 
dissolved grape sugar into glycogen 
is carried oiii by means of a substance 
secreted by the panez'eas in the blood, 
with which it circulates through the 
body and reaches the liver. This sub- 
suince is known as insulin. It has 
received this name because it is not 
pr<)diiccd by the actual gland tissue 
of the pancreas, but rather by a 
second gland within the former in 
the form of islands (Latin: insiike) 
in the pancreatic tissue. In lower 
vertebrates these two glands are 
separate structures, lying alongside 
each other; in the higher vertebrates, 
however, they are combined as des- 
cribed [Fig. 193 (3)]. Insulin is a 
substance like the ferments, but is 
secreted in the blood and not in the 
intestinal canal like the pancreatic 
juice. Gland products that act like 
ferments and are secreted in the 
l)load-stream are known as hor- 


mones. Insulin is the hormone of the 
pancreas. Its function is the trans- 
formation of soluble grape sugar 
into glycogen. Since it circulates 
with the blood, it is found every- 
where in the body and is effective 
in all organs, especially in the 
liver and the muscles. Beyond the 
intestinal canal the liver is the first 
reservoir for water and the first store- 
house for carbohydrates, which are 
mainly consumed by the muscles. 

Protein Metabolism. The cell is 
a protoplasmatic machine, consisting 
chiefly of protein and using carbohy- 
drates for fuel. It does not generally 
use protein for fuel, but like every 
machine it has a certain amount of 
wear and tear. The human body uses 
up if ounces of protein daily, which 
must be replaced by means of food. 
The fate of the ingested protein in 
the body is so varied that it is impos- 
sible to follow it in detail. The in- 
gested protein is deposited in the 
liver, spleen, muscles, bones, etc., and 
is withdrawn whenever protein is 
needed somewhere in the body. If 
an individual starves or has a fever, 
he loses protein. 

Protein Reserves 

However, in the course of starva- 
tion not all the organs lose weight 
and protein at an equal rate. Idiose 
organs most necessary for the main- 
tenance of life — the heart, the brain, 
and the respiratory muscles — remain 
unweakened and undergo very little 
loss of weight. Protein passes from 
the resting organs into the b^ood, 
from which the working organs 
(heart, lungs, and brain) withdraw 
it for nourishment. Nor does a feetus 
starve in the uterus, for it withdraws 
as much food as it needs for its 
growth from the mother's !)iood, 
without regard to the latter’s needs. 
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Nutrition 

THE CALORIE. CALORIC REQUIREMENTS, PROTEIN REOUIREMEN I'S. 
IHE NlJl'RlTiVE VALUE OF FOOD. DIGESTIBILITY. QUICK LUNCHES, 
i HE FAMILY MEAL. THE MIDDAY REST. NUTRITION AND OCCUPATION, 
VALUABLE AND INFERIOR PROTEIN. THE NUTRITIONAL BALANCE SHEET. 


E veryone eats, and everyone 
thinks he knows why he eats. 
Science does not know why. Science 
does not yet know what sort of motor 
a cell actually is, and consequently 
does not know in what manner this 
cell motor transforms the food sub- 
stances which it receives into energ'y. 
Therefore it is also unable to say 
why man eats, and why the cell re- 
quires just these and no other food 
substances in order to function pro- 
perly. For these reasons science is 
unable to offer us any complete 
theory of nutrition. At present 
science occupies itself with the col- 
lection of facts. The most import- 
ant results of research in this held 
have been collected below in the 
form of thirty-hve theses. 

The Calorie 

1. The breaking down of the food 
in the tissues is carried out with the 
he ]]3 of ferments in the form of oxida- 
tion reactions— that is, combination 
with oxygen. 

ii. Al though the body is certainly 
not a combustion engine precisely 
like that used in technology, yet 
owing to a lack of any better units 
of measurement, and because the 
laws of energy apply with equal force 
in both cases, food is evaluated as a 
fuel,’’ and so is rated in calories. 

3. I’he large calorie, wiiich in 


dietetics and throughout this book is 
referred to simply as a calorie, is 
1,000 times the calorie used in 
physics and is that quantity of heat 
required to heat 1 litre of w^ater , 
centigrade. On a good gas range this 
takes about six seconds. If one places 
a pot containing 1 litre of water on 
the stove and wxiits until it boils, ap- 
proximately 100 calories have been 
supplied for this purpose [Fig, 208]. 

4. In an ideally constructed 
machine 437 kilogrammes can be 
raised 1 metre by means of 1 caloric. 
With the 100 calories rec|uired to 
bring ! litre of water to the boiling- 
point, an individual can be trans- 
ported up a hill 500 metres (1,1140 
feet) high. 

5. 1 gramme of protein or carbo- 
hydrate (starch, sugar) furnishes 4 
calories, and 1 gramme of fat 9 
calories. 

6. Just like a steam-engine, the 
human body is entirely indifferent to 
the nature of the fuel from which it 
derives its heat of combustion . For 
this reason the three food substances 
are mutually interchangeable in 
their capacity as fuel.' 100 grammes 
of fat can replace grammes of pro- 
tein or cai'bohydrate. 

Caloric Req uirern enfs 

7. When absolutely at rest the 
body needs 1 calorie per kilogramme 
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of body ^veight per hour to naain- 
tain life, dims a person weighing 
70 kilograiiimes requires as an abso- 
lute minimum to maintain his daily 
existence 24 x 70= 1,680 calories. 

8. The caloric requirements in- 
crease with the work performed by 
the body. Even the intake of food 
signifies an increase in the wprk per- 
formed by the body, since the food 
must be raised, chewed, swallowed, 
and moved about in the stomach and 
intestine; the glands must produce 
digestive juices, etc. For persons 
resting and taking meals in bed the 
daily caloric requirement rises from 
1,680 to 2,000 calories. Light work 
requires approximately 3,000 calories 
or more, and heavy labour may de- 
mand as many as 8,000 [Fig. 210]. 

9. People everywhere require ap- 
proximately the same number of 
calories, as many in Mexico as in 
Finland. Similarly, occupational re- 
(juirements are more or less the same 
everywhere. Home workers use up 
2,500 to 2,800 calories, factory 
workers, peasants, and soldiers re- 
quire 3,000 to 3,400, and heavy 
workers such as miners, foundry 
workers, smiths, and navvies, need 
4,000 calories or more per day. 

10. Heat loss increasses die caloric 
requirements. In comparison with 
their content small bodies have a 
comparatively larger surface area and 
consequently lose more heat. Chil- 
dren need more calories than adults. 
Since the oxidative processes in the 
body of an aged person become 
weaker, such an individual needs 
fewer calories than someone in the 
prime of life. In winter the caloric 
consumption is greater than in sum- 
mer; on windy days it is higher than 
on quiet days: and greater in people 
who work outdoors than among 
those who work in dosed rooms. 


11. Theoretically a person’s daily 
requirement can be satisfied by 
350 grammes of fat (100 grammes = 
3| ounces approximately), or 800 
grammes of protein, or 800 grammes 
of carbohydrate. 

12. But the digestive apparatus is 
adapted to a mixed diet of protein, 
fat, and carbohydrate. It is unable 
to digest daily either an isolated 
quantity of 350 grammes of fat or 800 
grammes of protein. 

13. The normal fuels of the body 
are the carbohydrates, starch and 
sugar, but, remarkably enough, the 
body stores in the liver and muscles 
only 306 grammes— that is, one third 
of its daily requirement. If more 
carbohydrates are ingested, they are 
transformed into fat. 

Protein Requirements 

14. In order to replace the daily 
protein loss, man must ingest a mini- 
mum quantity of protein. This is 
known as the protein minimum, and 
amounts to about 50 grammes. 

15. However, machines and organ- 
isms attain a maximum of achieve- 
ment only when they receive not 
simply a minimum of fuel, but a 
certain excess. The human body 
achieves its maximum when it re- 
ceives approximately 100 grammes of 
protein daily. Actually, people ail 
over the globe, in so far as they have 
enough to eat, instinctively consume 
100 to 125 grammes of protein. . 

16. The normal food requirements 
of a working man of medium weight 
are 50 grammes of fat, 100 grammes 
of protein, and 600 grammes of 
carbohydrate daily. 

Nutritive Value of Food 

17. The composition of various 
foods with respect to their protein, 
fat, and carbohydrate content is re- 
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Fig. 208. The large calorie is a measure of both heat and energy. In the first place, 
■it is the amount of heat required to raise the temperature of one litre (slightly more 
than a quart) of water 1 deg, centigrade. Secondly, the large calorie is the amount of 
energy needed to raise a weight of 427 kilogrammes to a height of one metre. 

presented sometimes in tabular form, because of the varying food values. 
Such tables present the composition 

of various foods in an interesting Varying Nutritive Value 
manner, but their practical utility 18. The nutritional content of 
is limited. In the first place, they foods varies greatly. The nutritional 
almost always present the composi- . content of the potato depends on the 
tion of raw foods, but man consumes variety, the season, the condition in 
very few foods in a raw state. A raw which it is bought, and the treatment 
potato has practically no nutritive to which it is subjected in preparing 
value, for man does not eat raw it for consumption. A new potato 
potatoes. When man eats potatoes has a different nutritive value from 
he consumes something very differ- an old potato; a fresh one has a very 
ent from that represented in the table different structure from one that has 
as a potato. He eats a potato that been in storage for many months; a 
has been peeled, boiled in water, and potato grown in dry soil or during a 
mixed with fat and salt, or vinegar dry year has a different water content 
and oil. from one grown in a moist environ- 

In Figure 509 is presented a com- ment. Yet even a most precise deter- 
parison of the nutritive content of mination of a prepared food omits 
raw potatoes with fried potatoes. In still another factor, 
the latter the protein content has 
been tripled, the carbohydrate con- Digestibility 

tent quadrupled, and the fat content 19. Man does not live on what he 
has been increased four hundred eats, but rather on what he digests, 
times. The caloric value is now seven The body is not nourished by what 
times greater. In place of tables con- we ingest, but by what passes from 
taining the nutritive values of foods, the intestine into the blood, 
we should have them for the various 

dishes that we eat. But even such Preparation of Food 

tables would be of limited usefulness 20. The nutritive value depends 
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on the preparation. Carefully /pre- 
pared foods have a higher nutritive 
value than those indifferently pre- 
pared. Of 100 grammes of boiled 
peas, 6o grammes are digested. If 
they are earefully pureed so that all 
the skins are removed, 8o grammes 
are digested, and absorbed. 

A meal that has been carefully 
prepared at home by a mother and 
adjusted to the tastes of the in- 
di\ idual members of a family so that 
it is eaten with pleasure has a very 
different nutritive value Ixom the 
same qiiantity of food thrown into a 
pot by a cook and set on the stove 
to boil. Biologically good home 
cooking is quite different from food 


prepared in large quantities for 
masses of people, which must cook 
much longer and may be ready many 
hours before it is eaten. 

'' Compatibility of the Food 

21 . The nutritive value of the food 
depends also on the digestive power 
of the individual. There are people 
who digest fat poorly because of a 
weakness of the pancreas, while 
others are unable to assimilate a 
coarse diet, which must undergo 
digestion slowly, because the intes- 
tine reacts too strongly to it and 
evacuates the food particles, envel- 
oped in hard capsules of cellulose, 
before the cellulose is diluted by the 



Fig. 209. Cooking may affect the nutritive value oj food considerably. When 
potatoes are fried, the caloric content (a) is increased 7 times. The amount of starch 
(b) is increased 4 times, of protein fc) 3 times, and of fat (d) no less than 400 times 
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bacteria of the large intestine. Some 
people, therefore, are unable to 
digest whole-wheat bread, cereals, 
beans and peas. Each individual has 
his or her peculiarities— and in this 
sense each'one of us requires an in- 
dividual table of food values. Every- 
thing that one digests with difficulty 
or that passes through the intestine 
too rapidly has little nutritive value. 

‘' Too Tired to Eat 

The nutritive value of food is 
further dependent on the degree of 
fatigue of the digestive apparatus. 
Eating requires considerable labour. 
It is well known that eating makes 
one feel warm. In order to accom- 
plish this work the body must have 
the necessary energy. On this ac- 
count one should not sit down to 
eat as soon as one comes home, but 
should rather rest awhile before do- 
ing so. This is particularly import- 
ant in the case of delicate children 
who must be well fed, and of people 
who are under weight. Before meals 
they should rest for fifteen minutes; 
they should breakfast in bed, and 
stay there for half an hour after- 
wards. 

Q^uick Lunches 

ijg. The nutritive value of food 
also depends on the rapidity with 
which it is eaten. If you gulp your 
food while standing, or in a noisy 
restaurant where your attention is 
distracted from the enjoyment of the 
food by the clattering of plates, the 
busy waiters, and the general unrest, 
or where you must wait impatiently 
for service, your glands function 
poorly and their secretions are weak. 
Every argument at the table, every 
annoyance, and naturally also read- 
ing during a meal, interfere with the 
work of the glands and the quality of 
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the secretions which they pour out. 
The Family Meal 

54. For food to be well digested 
and assimilated it must be eaten in a 
congenial atmosphere. In this re- 
spect the family meal must be re- 
gaialed as ideal. Eat your meal in 
peace and quiet, and you will not 
only enjoy yourself but also obtain 
much more energy and nourishment. 

The Midday Rest 

25. After eating, the digestive ap- 
paratus must be permitted to rest. 
If a person rushes right back to work 
or gets into a car for a long drive 
immediately after a meal, the food 
will naturally be poorly digested. 

Nutrition and Occupation 

26. Food must be adapted to the 
individuaEs needs. A person work- 
ing out of doors needs a different 
diet from one whose occupation 
keeps him indoors. A worker per- 
forming heavy labour recpiires a diet 
that will furnish many calories and 
fill his intestinal canal so that be 
will feel satisfied for a long time 
despite the rapidity of digestion. 

Valuable and Inferior Protein 

27. The value of food depends not 
only on the quantity but also on the 
quality of its proteins. The body is 
supposed to repair its cellular motors 
by means of the component frag- 
ments of protein. There are many 
different kinds of protein. Every 
plant and animal species has its 
special kinds of protein. The more 
the ingested food resembles human 
protein, the greater will be the 
quantity of useful components that 
the body will find in it, and the fewer 
will be the reconstructions that it 
will find necessary to carry out. A 



absolute rest rest in bed eating at ease moderate work heavy work 

1,680 cal. 1,890 cal. 2,100 cal. 2,520 cal. 3,360 cal. 6,720 cal. 


Fig. 210. The daily caloric requirements, under varying conditions, of a man weighing 
70 kilogrammes (about 150 pounds). The minimum requirement, during complete 
rest, is I calorie per kilogramme every hour, or 1,680 calories in a day. 

vegetable diet contains components foods bought in a delicatessen are 

that cannot be utilized by the human not used to satisfy hunger, but to 

body and are excreted by the kid- stimulate the appetite, and to make * 

neys. One hundred grammes of us hungry. Food is not only a neces- 

protein derived from meat are more sity, but also a pleasure. Brillat- 

valuable than an equal quantity of Savarin begins his famous Physiology 

carrot protein. People praise the of Taste with the statement: “An 

protein content of legumes, but they animal feeds; man eats; a civilized 

forget that only fifty per cent can be person dines.” 

utilized by man. 

Nutritional Balance Sheet i 

Must Food he Nuiritious? jn order to determine the true 

28. The value of a food is not nutritional value of a food, one must 

exclusively due to its nutritive value, draw up a balance sheet like a busi- 

There are foods that are valuable ness man, deducting all expenses that 

not because of their fuel value or pro- are incurred — until the food is ab- 

tein content but because of other sorbed by the intestinal villi — as 

qualities. A lemon is a food of ii> nutritional loss from the gross 

estimable value because of its acids, nutritional gain, 

its vitamins, and its taste substances. 

In 1795 the use of lemon juice was Nutritional Loss m Buying 
made obligatory in the British Navy 30. The first nutritional loss arises 
and thus thousands of seamen were from the energy required to obtain 

saved from the horrors of scurvy. Yet the food. If a worker who performs 

a lemon is not nutritious. There are heavy labour buys an expensive cauli- 

many similar foods of which we use flower for his supper, then he has 

such small quantities that it is en- expended more energy to obtain it 

tirely unimportant whether they are than he will get back from its nutri- 

nutritional or not. Many of the five substances. He may receive 380 
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calories from the cauliflower, but if 
he has expended 550 calories to ob- 
tain it, then he has sustained a loss. 

Loss Due to Preparation 
31. The second nutritional loss 
arises from the energy required to 
prepare the food. Cake tastes good 
and is nutritious. But a good cake 
is expensive, and it is probable that 
the breadwinner of a family must 
furnish more calories and body pro- 
tein to earn the money for the cake 
than he will receive in return. Be- 
sides, it means a lot of work for the 
housewife. She must go shopping, 
and if she forgets something, she may 
have to go again. She must prepare 
and mix ail the ingredients, the eggs, 
butter, salt, sugar, and flour. She 
must knead the dough and prepare it 
for the oven. Then while it bakes 
she must watch it. All in all, a great 
deal of work, and at the end she has 
one cake on a plate. The food 
chemist may find the cake nutritious 
— but in terras of household econ- 
omy, it certainly is not. 

Loss Due to Waste 
35. The third nutritional loss 
arises from food wastes. If one buys 
a cheap fish, one carries home twice 
as much as will later be eaten. Bones, 
head, scales, fins and viscera must be 
deducted. If vegetables are boiled 
and the water poured away, con- 
siderable quantities of the nutritive 
content are poured down the drain. 

Loss Due to Digestion. 

33. The fourth nutritional loss 
arises from the labour required for 
digestion. All the work that an in- 
dividual has to perform, from the 
first contraction of his arm and jaw 
muscles until the nutritive sub- 
stances pass into the liver, must be 
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subtracted from the nutritional value 
of the food lying on a plate. 

Loss Due to Reconstruction 

34. The fifth nutritional loss is a 
result of molecular reconstruction. 
Not only the food as a whole, but 
every molecule is broken down and 
rebuilt. The reconstruction of a 
molecule is bound up with as rela- 
tively large a loss of energy as the 
reconstruction of a house. A mole- 
cule of starch when ingested is first 
broken down in the intestine to 
grape sugar, rebuilt in the liver to 
starch, then broken down again to 
grape sugar so as to be transported 
by the blood, once more built up as 
glycogen in the muscles, and finally 
converted again into grape sugar be- 
fore being oxidized. According to 
chemical calculations these various 
reconstructions consume five per cent 
of the molecular energy. If the carbo- 
hydrate is not immediately con- 
sumed, but first transformed into fat 
and deposited in the body, the energy 
loss amounts to ten per cent. By far 
the most complicated are the recon- 
struction processes of protein meta- 
bolism. It has been calculated that 
the energy loss for protein amounts 
to approximately thirty per cent. 

The Teachings of Dietetics 

35, As is generally realized, diete- 
tics is not a simple study, but is 
full of problems. Such standards as 
calories or protein content do not 
do justice to the facts. These are so 
complex that in practice such stand- 
ards are only useful as guideposts 
and should not be regarded as im- 
mutable truths that apply in all 
situations. Above all, do not attach 
too much value to any special 
“ theories of nutrition,'’ for they 
usually contain very little solid truth 
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MILK AND ITS VALUABLE PRODUCTS 

Fig. 211. The chief constituents of cow's milk (a) are albumin, casein, calcium ami 
fat. If the milk is centrifuged, or churned (b), the fat (c) can be removed in the form 
of butter (3). The remaining fat-free fluid is buttermilk (d). If an enzyme is added 
to the latter, the protein and calcium clump together to form curds (5), which may be 
pressed into cheese. Moderate centrifugation (e) yields cream (f). The residue is 
skim milk (g). Cream cheese (h) contains fat as well as protein and calcium. 
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CHAPTER XXVI 


Foods 

CLASSIFICATION OF FOODS. THE MENU. THE. FIRST COURSE. THE 
MAIN COURSE. SALADS. BREAD AND POTATOES. SWEET DESSERTS. 
FRUIT. CHEESE. COFFEE, TOBACCO AND LIQUEURS. MILK. CASEIN. 


T he dassification of foods ac- 
cording to their origin in the 
plant or animal kingdom is of little 
value. Caviar granules are eggs — in 
biology, but not in the kitchen. Foods 
are substances performing a certain 
function and should consequently be 
classified accordingly, as, for in- 
stance: 

1. Digestive fluids, which furnish 
the body with the necessary fluid for 
the preparation of digestive juices: 
soups, beverages, gravies, salads, com- 
potes. 

2. Appetizers (sour, salty, sharp, 
and spicy titbits), which “ crank up ” 
the digestive apparatus by means of 
their taste. 

3. Nutritive foods, which take care 
of the protein and caloric needs of 
the body : bread, meat, fish, potatoes, 
vegetables, farinaceous foods, rice. 

4. Foods that produce a sense of 
satiety because of their volume and 
the difficulty with which they are 
d igested . Among these are cabbage, 
turnips, potatoes, farina, dumplings, 
noodles, dark bread, etc. 

5. Digestive aids that stimulate 
the digestive organs: e.g., sharp 
gravies, salads, pickles, salt, pepper, 
mustard, and onions. 

6. Foods that retard digestion ow- 
ing to their large sugar or fat con- 
tent, thus extending the feeling of 
satiety over a longer period: e.g., fat 
gravies, cream, sweets, sweet desserts. 


7. Foods that remove any after- 
taste of the foods eaten. In this 
category are compotes, fruit, nuts, 
and desserts. 

8. Stimulants, which stimulate the 
brain, thus creating a feeling of ex- 
citement: e.g., coffee, tea, tobacco, 
and alcohol. 

9. Thirst-quenchers. They quench 
thirst partly by giving the body fluid, 
and partly by paralysing the feeling 
of thirst: e.g., water, beer, wine, 
lemonade, fruit, ice cream. 

The Menu. Man does not feed on 
protein and carbohydrate, nor does 
he eat isolated foods. Instead he par- 
takes of various food mixtures. Even 
such a fairly simple dish as a ham 
and egg sandwich contains four foods 
derived from a chicken, a hog, a co%v 
(butter), and a grain plant. Nor are 
the dishes eaten alone. On the con- 
trary, the various dishes are eaten 
as parts of a meal and are arranged 
in a certain succession. This forms 
the menu of a meal. 

The First Course. A meal often 
begins with hors-cVcetivres, which 
implies something considered as ex- 
tra and apart from the work of digest- 
ing the meal itself. The first course 
is intended to tune up ’’ the diges- 
tive apparatus, to stimulate the 
muscles and glands so that the subse- 
quent food will not pass into a dry 
stomach, but into one containing a 
moving lake of digestive juice [Fig. 
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2 iz]. For this reason it consists of 
foods that generally present a pleas- 
ant appearance when served so as to 
stimulate the appetite — that is, the 
salivary and gastric glands. Such 
foods are red tomatoes, yellow 
lemons, green . salads, hard-boiled 
eggs cut in slices, and garnished 
canapes. In order to stimulate the 
tongue, hors-d’oeuvres are strongly 
spiced and are sometimes served 
with small quantities of a dry wine, 
since large quantities of alcohol 
paralyse the digestive glands, while 
small quantities stimulate them.' 

Soup. The purpose of the soup 
. is to dilate the vessels of the mouth 
and the stomach by its warmth, to 

tune up ” the glands by means of 
the spices in it, and to supply the 
body with fluid, for during the next 
few hours several quarts of digestive 
juice will pass from the glands into 
the intestinal canal [Fig. S13]. While 
a soup may contain nutritive sub- 
stances, they are not essential to a 
good soup. Bouillon, for instance, 
is almost devoid of any nutritive sub- 
stances, and yet it is of great value 
for the digestive process. 

Warming Up ” the Digestion 

Intermediate Dishes. Similarly, it 
is not the function of those courses 
that are served between the soup and 
the main course to furnish nutritive 
materials, but rather to enable the 
diner to pass the time in a pleasant 
manner. The glands have been 
stimulated by the hors-d’oeuvres, the 
soup has supplied the digestive 
fluids, and now a pause should be 
intercalated until the digestive ap- 
paratus is fully active. This period 
is analogous to those few minutes 
when an automobile driver, after 
having started his motor, allows it 
to run for a short while to warm it 


up. The foods eaten during this 
period should not be too satisfying — 
for example, trout, crabs, oysters, 
small fowl, asparagus, artichokes 

[Fig. 214]. 

The. Main Course. Now comes the 
main dish, which is the only one that 
should contain large quantities of 
nutritive substances: protein, fat, 
and carbohydrates. For this reason 
the main course generally consists of 
meat (protein), vegetables (carbohy- 
drates), and gravy (fat). The main 
course should require vigorous chew- 
ing, so that the diner’s muscles will 
tire, producing a feeling of satiety. 

Satisfying Foods 

While only a few light meat and 
fish varieties are chosen for prelimin- 
ary courses, the main course usually 
consists of fat fish, such as salmon, 
eel, or carp, or the heavier kinds of 
meat and fowl, such as venison, 
goose, turkey, steaks, roasts. The 
vegetables served with the main 
course are also of the same charac- 
ter: for instance, potatoes, cabbage, 
turnips, legumes, chestnuts, and the 
. various stuffings for roast fowl. The 
main dish should not only be nutri- 
tious and require vigorous chewing, 
but should also remain in the stom- 
ach long so as to prolong the feeling 
of satiety [Fig. 215], 

Gravies. In the first place, gravies 
supply fluid to the chewing mouth, 
so that the substance of the main 
dish, which is being chewed vigor- 
ously, can be swallowed. Secondly, 
when they are correctly prepared 
with spices, they are appetizers that 
stimulate the glands, increasing their 
secretion. Thirdly, owing to their 
fat content, they can also retard 
digestion. Thus a housewife must 
know what the function of the gravy 
is to be at a particular meal. If she 
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wants to stimulate digestion, the 
gravy must have a low fat content, 
but be spiced. On the other hand, 
if she wants to have the feeling of 
satiety produced by the meal last 
longer, she should add fat to the 
gravy so that it will retard digestion. 

Vegetables. The most important 
constituents of vegetables are their 
salts, the chlorophyll, which is closely 
related to the blood pigment, the 
vitamins, and the valuable protein 
substances in the cell nuclei of the 
young plant parts. Since the salts 
are extracted by the water in which 
vegetables are prepared, and are 
transformed into insoluble com- 
pounds when cooked too long, vege- 
tables should not be subjected to long 
cooking nor should the water be 
poured away. Instead the vegetables 
should be steamed in their own 
juices and eaten as soon as they are 
ready. The occasional eating of raw 
vegetables is to be recommended, 
but they must be young, otherwise 
they will be poorly digested. 

Salads. Salads consist of raw vege- 
tables and as such are extremely 
valuable when eaten in small quanti- 
ties. Sunlight, rain water, and the 
salts of the earth are mixed in them 
to a true elixir. Because of their high 
water content, salads are beverages in 
solid form. They supply the body 


Fig. 212. Hors-d’’ceuvres stimulate the 
appetite — through the digestive glands — 
by their colour, aroma and taste. 
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with fluid for the digestive Juices and 
refresh the mucous membranes after 
the main course. By means of such 
additional substances as vinegar, 
lemon juice, or mustard they stimu- 
late the digestive glands. Salads are 
rich in valuable vitamins and per- 


Fig. 213. Soup supplies the body with 
warm fluid that helps the digestive glands 
to prepare their secretions. 

mit us to ingest olive oil, which is 
otherwise unpalatable [Fig. ^i6]. 

Bread and. Potatoes. Bread and 
potatoes are the two most important 
fat carriers.’' It makes little differ- 
ence whether one kind of bread con- 
tains more or less protein than an- 
other, or whether it is more or less 
easily digested. Bread and potatoes 
are valuable because they must be 
chewed well, and are eaten with but- 
ter, honey, cheese (on bread), and 
butter, fat, milk, cream, and gravy 
(with potatoes). 

Sweet Desserts. The first part of 
a meal is dominated by salt, the 
second part by sugar. Salt stimu- 
lates digestion, sugar retards it. For 
this reason sweets are prohibited be- 
fore the main course, but are desir- 
able thereafter, so that the feeling of 
satiety will remain longer. If one 
wants to be able to eat again soon, 
sweets should be avoided. On the 
other hand, if one wants to remain 
satisfied for a long time, a meal 
should be ended with a sweet, and 
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possibly also a rich dessert [Fig. :2i7]. 

Removal of the After-Taste^ After 
having finished the main course of 
a meal, the diner endeavours to get 
rid of the taste of the food. This is 
an important aspect of every meal, 
and has been developed to an ex- 
tremely refined technique in the 
culinary art. For this purpose five 
different methods are used. 

1. Drying. By means of foods of 
coarse consistency that can be char- 
acterized as rubbing substances, the 
tongue is massaged and the taste pits 
cleaned out. Crumbs of apples, pears, 
grapes, nuts, and almonds pass like 
brushes and brooms over the surface 
of the tongue and sweep it clean. 
They lie like pieces of cloth or blot- 
ting paper over all the crevices in 
the surface of the tongue and empty 
them by absorbing their contents. 

a. Rinsing. By means of fruit 
juices, compotes, beverages, and ice 
cream, fluid is poured over the 
tongue to clean it, just as one washes 
the floors in a house. 

3. Cauterizing. The acids and 
tannin of apples, pears, plums, 
grapes, strawberries, gooseberries, 
lemons, oranges, and almonds cau- 
terize the tips of the papillae on the 
tongue and dull the ends of the 


nerves so that they are no longer 
sensitive. 

4. Pasting. By means of pasty 
substances, such as gelatine, syrup, 
and cream, that are added to sweet 
desserts, the taste pits are pasted to- 
gether. At the same time, this pro- 
duces a prolonged sensation of sweet- 
ness which covers the taste of the 
main dish. 

5. Spicing. The taste apparatuses 
for bitterness are most deeply situ- 
ated and well hidden, so that a bitter 
taste remains longest with us. In 
order to achieve a prolonged after- 
taste, spices, such as cinnamon, 
vanilla, almond oil, coffee, and 
cocoa, are added to desserts. 

Fruit. The nutritive content of 
fruit is minimal, since it contains 
more than ninety per cent water. 
Fruit is a “ solid ” beverage. An 
orange is a cup full of orange juice 
given to us by nature. Of the solid 
substances in fruit, one half is cellu- 
lose. It swells in the intestine, fills 
it, and increases the amount of faeces. 
In the first place the fruit acids have 
a refreshing effect; secondly, they re- 
move any after-taste by cauterizing 
the taste buds; and thirdly, they have 
a laxative action. An apple is a mild 
laxative, a combination of chemically 



Fig. 214. The light intermediate dish Fig. 215. The main dish supplies the 

provides a respite for the digestive glands body with nutriment and, filling the 

to prepare fresh gastric secretions. stomach, leaves a feeling of satiety. 
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Fig. 216. The salad supplies the body 
with water and stimulates the tired 
digestive glands to renewed secretion. 


stimulating acids and substances that 
swell, exerting a physical effect. Only 
very few varieties of fruit, such as 
nuts and bananas, supply the body 
with any considerable quantities of 
nutritive material. Important, on the 
other hand, is the fact that fruit is 
rich in vitamins, salts, and certain 
structural elements of protein. For 
this reason fruit is especially valuable 
for growing' children and convales- 
cents, who must replenish their de- 
pleted supplies of these substances. 
Because of these qualities fruit is an 
ideal dessert. The juice rinses the 
mouth, the crumbs massage the 
tongue, cleaning all the crevices of 
the tongue and oral cavity, and 



Fig. 218. Coffee and tobacco produce 
protracted taste effects, stimulate the 
intestine, and dissipate fatigue. 





Fig. 217. The sweet dessert removes the 
after-taste; it also helps to retard digestion 
and so promotes a feeling of fullness. 


finally, the acids cauterize the tips of 
the nerves and assuage the heated 
mucous membrane of the mouth. In 
addition, the acids clean and disin- 
fect the teeth, so that fruit, apart 
from its other values, can be regarded 
as an ideal instrument for oral 
hygiene, as a combination of mouth- 
wash, toothpaste, and toothbrush 
presented to us by nature. The old 
custom, practised by many people, of 
eating an apple at night before going 
to bed is an instinctive utilization of 
these advantages, which are com- 
bined in an especially favourable 
form in the apple. 

Cheese. Many and particularly 
cultivated diners choose cheese as a 
dessert, because it is an excellent 
remover of any after-taste. Since it 
is difficult to swallow, it compels one 
to chew vigorously, so that the dry 
crumbs clean the tongue and palate 
thoroughly. The sharp, spicy sub- 
stances in different cheeses stimulate 
the glands, and their tart taste does 
not disappear very soon. Brillat- 
Savarin says: ‘'A meal without 
cheese is like a girl without eyes.” If 
the cheese is spicy it aids digestion; 
if the fat content is preponderant, it 
retards it. Each variety of cheese has 
its particular biological qualities. On 
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Fig. 219. How the dessert cleans the tongue, (1) Nut particles sweep and brush the 
papillce; (2) fruit acids dull the tips of the papillce; (3) fruit juices wash out the taste 
pits; (4) bakery products dry the floor of the tongue; (5) sticky foods, like gelatine or 
syrup, paste together the wide taste pits; (6) coffee fills the narrow taste pits at the back 
of the tongue with bitter substances; (7) tobacco smoke fumigates the crevices. 


account of its liigh protein content, 
cheese is one of the best sources of 
protein for man. Besides, as a milk 
product it is rich in minerals, especi- 
ally calcium and phosphorus. If one 
wants to remain satisfted as long as 
possible after a meal, a very fat cheese 
should be eaten as a dessert. 

Coffee, Tobacco, ami Liqueurs. 
Coffee, tobacco, and liqueurs are 
stimulants with '^vhich a meal is con- 
cluded. They are not foods, for they 
do not nourish. Nevertheless, they 
are valuable, for they exert a strong 
stimulatory eflect on the palate, in- 
creasing the flow of saliva and aiding 
gastric activity. They stimulate the 
movements of the intestine, thus 
helping to overcome the feeling of 
fullness after a meal [Fig. 218]. At 
the same time these substances also 


stimulate the cerebral cortex and in 
this way counteract the tired, sleepy 
feeling that accompanies digestion 
after a meal. They remove inhibi- 
tions, excite the imagination as well 
as a need for conversation, and in 
this way contribute to the sociality 
and conviviality of an occasion. 
These substances demonstrate very 
well ‘that a food may lack completely 
any nutritive value, and yet play a 
valuable role in the work of digestion 
within the body, as well as in the 
individuaFs enjoyment of life. Once 
again we see that the problem of 
nutrition cannot be solved with 
calories, protein tables, and vitamin 
content alone. 

Milk. Within the mother’s body 
the developing child is provided by 
the maternal blood wdth oxygen for 
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respiration as well as with nutritive 
materials for growth. After birth the 
child breathes independently, but it 
still receives nutritive material from 
its mother— with her milk. The 
maternal milk replaces the blood by 
means of which it was previously fed. 
For this reason milk resembles blood; 
it is, indeed, blood without any re- 
spiratory substances — that is, with- 
out red blood cells and blood pig- 
ment. In fact, it may be regarded as 
white blood. There is no food, with 
the exception of animal blood, that 
can compete with milk as far as its 
richness in nutritious materials is 
concerned. In the course of research 
investigations of milk no less than 
125 constituents have been isolated. 
Among these are water, protein, fats, 
sugar, salts, hormones, ferments, 
vitamins, copper, manganese, arsenic. 

Coiv's Milk and Human Milk. 
Cow’s milk is intended for a calf and 
not for a human child. A calf is a 
much coarser creature than a baby. 
Thus cow’s milk is also much more 
coarsely constituted. When it is ex- 
amined with an ultra-microscope the 
protein molecules appear as hazy 
spots of light. In human milk they 
are not as easily visible, for the 
groups of protein molecules are 
much finer. When an infant regur- 
gitates cow’s milk, coarse cheese 
clumps appear; when a child fed on 
human milk vomits, fine flakes 
appear. 

Casein. Among the many protein 
substances contained in milk, casein 
is most important. When digested, 
it furnishes the greatest number of 
fragments (amino acids) for the con- 
struction of new protein molecules. 
Casein is the “ universal ” structural 
element for the construction of the 
youthful body. It is a youth ” pro- 
tein, since it is found only in milk, 
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the food of growing mammals, and in 
eggs, the food of developing birds. 
A calf doubles its body weight seven 
weeks after birth; a human child 
does not do so until it is twenty-five 
weeks old, because cow’s milk con- 
tains about three times as much 
casein as human milk [Fig. 220]. 

Albumin and Globtdin. Two 
other proteins may be obtained from 
milk. They are known as lactal- 
bumin and lactoglobulin, and 
resemble closely the albumin and 
globulin of blood serum. 

Milk Salts. The milk of every 
animal species contains various salts 
in concentrations appropriate to the 
developmental needs of the young of 
the species. The more rapid the 
growth of the newborn, the greater is 
the salt content of its mother’s milk 
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water fat albumin casein sugar salts 

Fig. 220. How human milk differs in its 
composition from cow’^s milk. 


[Fig. 551]. A rabbit doubles its 
original weight at birth in 6 days, a 
dog in 9, a sheep in 14, a goat in s 2, 
a cow in 47, a horse in 60, and man 
in i8o days (see numbers on white 
circles). Cow’s milk is too rich in 
proteins and salts for the feeding of 
young children and must be modi- 
fied to adapt it to this purpose. 

Not only the quantity, but also the 
kind of salts contained in milk is im- 
portant. In human milk 77 per cent 
of the phosphorus is in the form of 
organic compounds similar to those 
present in the body. In cow’s milk 
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only 2S per cent of the phosphorus 
conipoiuicls arc t)i an organic type. 
Fo ulili/c ilie phosphorus of cow’s 
iuiik the child’s body luust make 
much greater eiiorts than when it at- 
tempts to metabolize the phosphorus 
of its mother’s milk. 

Colostru m. The first milk that the 
mother produces after birth is poor 
in fat, watery, and very salty. It has, 
a laxative effect on the intestine, and 
causes the evacuation of meconium, 
the first faeal discharge after birth. 
This first milk is called colostrum. 

Milk as a Food for Adults. For 
older children and adults milk is an 


unexcelled food, when consumed as 
part of a mixed diet. Milk is the 
only food wliiGli supplies the body 
with considerable quantities of nutri- 
tive material in the forni of a potable 
liquid, and, on the other hand, it is 
the only fluid that is transformed 
in the stomach to a solid mass, cheese. 
Milk is the only food for which the 
stomach has special digestive fer- 
ments; and milk fat is the only fat 
that is broken down in the stomach 
and absorbed there. Finally, milk 
is one of the few foods that can be 
almost completely digested in their 
raw state, without need of cooking. 



Fig. 221. Each kind of mammal provides milk suitable for its yomig. Figures on 
black circles indicate the proportion of salt in the milk. ' Figures on white circles show 
the number of days from birth required to double the body weight of the animal. 


CHAPTER XXVIl 

Mineral Substances 

WATER. SALT. SALT-FREE'^ DIET. CALCIUM. PHOSPHORUS. SULPHUR. 
POTASSIUM ARSENIC. MANGANESE. COPPER. BROMINE. IODINE. IRON. 


B esides proteins, fats, and carbo- 
hydrates, food must also contain 
a niirnber of other substances, of 
which the most important are water, 
mineral substances, and vitamins. 
Tlie body contains approximately 50 
quarts of water, and loses about 3 
quarts daily through the urine, faeces, 
perspiration, and respii'ation. Man 
ingests only part of this water as 
fluid, since the so-called solid foods 
in his diet also contain a high per- 
centage of water. Fruits and vege- 
tables contain more than go per cent 
water, potatoes 80 per cent, eggs and 
meat 70 per cent. Even bread con- 
tains on an average 35 to 40 per cent 
of water. The idea of the Greek 
philosopher Thales, that water is the 
primal’)' substance, appears to be true 
[Figs. 222 and 223]. 

Sa/L Since the body fluid is not 
pure water, but rather a salt solution, 
and since the body continually ex- 
cretes salt solutions with the urine, 
faeces, perspiration, and tears, man 
must constantly ingest adequate 
supplies of salt to make up the loss. 

‘‘ Sea Water in the Body 

Plants do not contain sufficient 
salt for human requirements. Salt 
is w^ater-soluble and consequently 
passes into the rivers and oceans with 
rain water, so that the solid land and 
with it the plant world are poor m 
salt. The salt of the earth’s surface 
is dissolved in the oceans, which con- 


tain so much salt that the surface of 
the earth could be covered with it. 
Land animals, however, are the des- 
cendants of organisms that arose and 
lived in the primordial seas of the 
earth. The body fluid of these crea- 
tures w^as sea water, and they retained 
it when they emigrated to dry land 
at a relatively late period. Thus, 
while land creatures live in a milieu 
which is relatively deficient in salt, 
the organization of their bodies has 
remained that of sea animals, and 
they have retained “ sea water ” as 
their body fluid. Consec|uently, they 
must transform the water found on 
land into sea water by adding salt 
to it. 

The “ Salt God ” 

Carnivores obtain salt from the 
body fluid of iheir victims. For this 
reason, carnivores, in contrast to 
herbivores, do not desire salt and will 
even reject food containing an excess 
of it. This is also said to be true 
of Eskimos, whose diet consists al- 
most exclusively of meat. Salt is 
highly esteemed among inland 
peoples. Each year the ancient Mexi- 
cans selected the most beautiful 
maiden to become the bride of the 
salt god, and it was considered one 
of the highest national honours to 
be sacrificed to him. In antiquity 
wages were often paid in salt. Our 
word “ salary ” is derived from the 
Latin word for salt. Fiolbein was 
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Fig. 222. The human organs are largely composed of water--from 30 to over 80 per cent. 


paid in salt for one of his Madonnas, depletion has a favourable influence 
If a prisoner is long deprived of salt, on various skin diseases, especially 
he suffers terribly^ and is ready to on lupus, tuberculosis of the skin, 
accede to any demands in order to This observation led to the -introduc- 
obtain some salted food. tion of the salt-free diet in the treat- 

In the body fluids, salt is contained ment of tuberculosis. Salt is elimin- 
in solution, and its molecules form ated chiefly by the kidneys.^ If the 
electrically charged particles known kidneys are sick, the physician tries 
as ions. The charges upon these as far as possible to protect them 
ions render them particularly reac- against any undue activity. For this 
tive chemically. They confer electri- reason kidney patients are given a 
cal conductivity upon the solutions diet containing little salt, 
in which they are contained, since Calcium. The body contains about 
they carry a current while moving three pounds of calcium, most of 
through a solution. These ions of which is deposited in the bones. Cal- 
the body fluid play a decisive role cium has a sedative effect on the cells, 
in the vital processes of the organism, nerves, and brain, because it con- 
Salt-Free Diet. The chief depot of tracts the ultra-microscopic pores in 
salt in the body is the skin. If an the cell walls. For this reason cal- 
individual is fed on a salt-free diet, ciurn is prescribed as a sedative. In 
the blood loses its salt through the regions that are poor in calcium the 
urine, perspiration, faeces, etc, Un- inhabitants are more prone to dental 
der these circumstances the skin must maladies and fractures of the bones, 
give up its reserves to the blood, so A frequent cause of calcium defici- 
that the latter can maintain a con- ency in most urban communities is 
stant concentration of salt. Thus a the common practice of softening 
salt-free diet leads to a depletion of hard ” water by removing the cal- 
the salt reserves of the skin. Such a cium from it. “ Hard ’’ water con- 



Fig. 223. Most solid foods contain ajar greater proportion oj water than is generally 
imagined. They furnish a large part of the body's water requirements. 


HARD AND SOFT WATER 


taining calcium is not popular in 
either industry or the home. When 
“hard” water is used in a steam 
boiler, heavy deposits of boiler crust 
settle on the tubes of the boiler, inter- 
fering with the transference of heat 
from the metal to the water. When 
“ hard ” water is used for washing, 
much soap has to be dissolved before 
the necessary lather can be secured. 

Defects of Soft Water 

Soap, composed of a mixture of 
the sodium salts of several organic 
acids, forms insoluble compounds 
with calcium. For these reasons 
“ hard ” water is artificially softened 
by removing its calcium. This prac- 
tice may be detrimental to the health 
of the population, since foods lose 
part of their calcium when boiled in 
water with a low calcium content 
[Fig. 224]. A portion of potatoes 
such as is usually served with the 
chief meal of the day, contains about 
one gramme of calcium (Ca). If the 
potatoes are cooked in “ soft ” water 
with a low calcium content — e.g., 
containing only one-hundredth as 
much calcium as in the potatoes — 
they will give up about two-thirds of 
their calcium to the water, retaining 
only one-third (Left), Conversely, 
“ hard ” water with a high calcium 
content gives up some of its calcium 
to the potatoes so that when they are 
ready to be consumed they contain 
three grammes instead of one 
gramme (Right), 

The ideal calcium-containing food 
is milk. One quart of cow’s milk 
contains almost two grammes of cal- 
cium! In order to protect oneself 
against any depletion of calcium and 
protein in the body, there is no better 
remedy than to drink at least one 
glass of milk daily or to eat such 
easily digestible milk products 
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as cottage cheese, buttermilk or 
yoghourt. 

Phosphorus, Three quarters of 
the calcium in the body is combined ' 
with phosphorus in the form of cal- 
cium phosphate. Phosphorus is an 
extremely strong poison, yet the body 
contains almost two pounds of it. 
In the course of its first year of life 
an infant ingests no less than fifty 
grammes (if ounces) of phosphorus, 
a quantity sufficient to poison an en- 
tire village. In biology, however, 
the concept of poison is not quite the 
same as in a chemist’s. Pure phos- 
phorus is a poison, while phosphorus 
contained in chemical compounds is 
generally not toxic. .Milk has a phos- 
phorus content — one fiftieth of a 
gramme in each quart of cow’s milk 
— since it is intended to furnish 
materials for the development of 
bone, which consists chiefly of cal- 
cium phosphate. Furthermore, meat, 
bread, potatoes, and legumes are also 
rich in phosphorus. 

Assimilating Phosphorus 

It is recognized that phosphorus 
compounds of milk and meat are 
more valuable than those of plants, 
however, since they are similar to 
the constituents of the body and are 
assimilated to a very large extent 
without any reconstruction, while 
the phosphorus compounds of plants 
for the most part pass undigested 
through the intestine. Besides the 
bones, phosphorus is contained in 
complex protein and fat compounds, 
which are apparently indispensable 
for the highest vital processes, since 
they are present in essential struc- 
tures of the ceil and the body, in the 
cell nuclei, in the sex cells, and the 
nerve cells. The best-known phos- 
phorus fat is that known as lecithin. 

Sulphur, The body contains 100 
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grammes of sulphur. Every cell con- The second path, (6) to (lo), leads 
tains a trace of sulphur, but most of from the intestine to the liver. Here 
it is present in the brain, the nails, the sulphur is combined with an 
and the hair, red hair having the amino acid, forming a compound 
highest sulphur content. If the body known as cystin. Gystin can reach 
lacks sulphur, the hair and nails be- any part of the body and participate 
come brittle. For sick hair and nails in the vital processes as an amino 
there is no better medicine than to acid. In Figure 255 we have assumed 
eat daily a plate of hulled oats, which that it travelled to the fingernail (10), 
have a high siilphiir content. Eggs, and participated in the building up 
beans, lentils, radishes, onions, gar- of the nail substance, 
lie, and chives also have*" a high sul- 
phur content. While we do not know The Human Laboratory 
i he precise function of sulphur in The third path (11) to (13), arises 
the metabolism of the body, yet it is in the muscle, where sulphur-coti- 
interesting to note that since ancient taining amino acids like cystin are 
times foods containing sulphur have present. In the course of metabolism 
enjoyed a reputation for special these acids give off carbonic acid and 
therapeutic properties. are simultaneously transformed into 

j In order to obtain some idea of the a . compound called taurin, which 
work of a mineral substance in the flows into the liver. Here it combines 
body, let us trace the metabolism of with the metabolic products of the 
sulphur as represented diagrammati- phosphoric fat cholesterin, and this 
cally in Figure 2^5. First let us look double compound, taurochol, passes 
at the diagram. Five paths are re- with the bile into the intestine, 
presented in it. and each one is char- The fourth path, from (14) to (15), 
acterized by a different line. The shows how the sulphur compounds 
first path, with the black numbers, of the blood wander to the salivary 

leads from (1) to (5); the second, with glands. Here the sulphur unites with 

the white numbers in the black potassium cyanide to form potassium 

circles, from (6) to (lo); the third, thiocyanite, which may be detected 

with the black numbers in the white in the saliva. This seems to be a de- 
circles, from (11) to (13); the fourth fensive mechanism by means of 
from (14) to (15); the fifth, with the which the body protects itself against . 
white numbers in the black squares, the poisonous cyanides, 
from (16) to (18). The fifth path, (16) to (18), is taken 

by a part of the taurin in the liver. 
Compounds of Sulphur - Some of the taurin is changed in the 

The first path, from (i) to (5), leads liver to sulphuric acid,* which com- 

through the alimentary canal. The bines with products of protein meta-^ 
sulphur which is ingested in the form holism related to phenol. These 
of eggs or some other food is digested double compounds of sulphuric acid ^ 
in the alimentary canal, and forms and phenol leave the body by way of 
hydrogen, sulphide in the large intes- the kidneys. 

tine. The foul odour of the intes- For most of ns it is prol)ably quite 
linai gases and the faeces after the in- a rtwelation to learn that sulphuric 
gestion of food containing sulphur is atid, phenol, and potassium cyanide 
due to the presence of this gas, circulate in the blood. But one need 
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Fig. 224. Potatoes cooked in soft water (Left) may retain only one-third of their original 
calcium. On the other hand, cooking in hard water may treble the calc him content ( Right ) . 


have no worries on this acconnt, the blood; and considered objcc- 
I’hese “ deadly poisons ” have circu- tively, potatoes are more poisonous 
luted in the blood vessels of the than wine or coffee. If the potassiuni 
human body for millions of years, contained in an ordinary portion of 
and were present in our own bodies potatoes were injected into the blood- • 
even before we were born. The stream, it could kill a man. But it 
human body is indeed a remarkable never reaches the blood. A large 
machine, in which it is quite natural part remains with the cellulose in 
for sulphuric acid and potassium the intestine, and leaves the body in 
cyanide to circulate without destroy- an undigested state. The assimilated 
ing it. One may even go so far as to potassium is stored in the liver, and 
maintain that they must circulate in only releavsed into the blood in the 
the machine so that it may function, same minimal quantities in which it 
Potassium. In contrast to sodium, is excreted by the kidneys at \ he other 
potassium is soluble only with diffi- end of the circulation. As a result 
cLilty; and is consequently not stored the blood hardly notices the intro- 
in sea water or in the soil. The potas- duction of this dangerous substance, 
sium requirements of plants are quite Legmnes are also rich in potassium, 
large, so that potassium salts are and what has been said of potatoes is 
used to fertilize the soil. also true of them. The potassium of 

Among common foods the potato meat, however, acts very differently, 
has. the highest potassium content-— On cooking meat a considerable por- 
ounces of potassium in i stone of tion of the potassium lea\ es the meat 
potatoes. Potassium is a dangerous and passes into solution. Meat broth 
poison, when injected directly into is a kind of potassium ” tea.” Small 
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quantities of potassium pass very 
rapidly into the blood from the meat 
broth and produce a stimulatory 
effect on the organism. Thus the 
custom of beginning a meal with 
meat broth or bouillon is justified by 
dietetics. 

Arsenic. Arsenic is one of the most 
deadly poisons that we know. Most 
poisoners have used arsenic for their 
crimes, since even one tenth of a 
gramme may be fatal. The very toxic 
but also therapeutically very effective 
remedies against a number of ti'opi- 
cal diseases, as well as the best remedy 
for syphilis, Salvarsan, are arsenic 
compounds. The body can accustom 
itself to arsenic, as to any other 
poison, if it is consumed gradually. 

Arsenic Eaters 

Because arsenic exerts a stimula- 
tory effect and improves a person’s 
stamina, ability to \vork, and general 
condition, mineral springs contain- 
ing arsenic are highly esteemed. The 
inhabitants in the neighbourhood of 
such springs are so accustomed to 
these waters that they can ingest as 
much as half a gramme of arsenic 
per day. Arsenic acts very vigorously 
on the bone marrow and is used 
therapeutically in almost all blood 
diseases. It is apparently indispen- 
sable for the development of the 
blood cells, since the foetus in the 
uterus is supplied with surprisingly 
large quantities of arsenic. 

Manganese and Copper, Mangan- 
ese and copper are present only in 
traces in food. They accompany 
iron, and like it participate in the 



Fig. 225. How sulphur travels through the 
body and forms specialized compounds 
in the organs (Page 312). 


manufacture of the blood pigment 
and the blood cells. In addition 
there seems to be some relation, as 
yet unclarified, between copper and 
the gastric wall. 

Bromine. It has been suggested 
that bromine plays a part in the func- 
tioning of the nervous system, but 
this is doubtful. We do know, how- 
ever, that it is one of the most wide- 
spread sedatives used in cases of 
nei'vousness. 

Iodine, see Chapter XXXI. 

Iron, see Chapter XIL 

Anyone who lives rationally on a 
mixed diet, and consumes milk, 
cheese, fruit, salads, and vegetables 
in his daily diet, automatically sup- 
plies his body wdth mineral sub- 
stances adequate for its demands. 


: 
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CHAPTER XXVIII 


Diets and Vitamins 

WHAT DIET IS MOST SUITABLE FOR THE HUMAN BODY? RAW FOOD. 
A VEGETARIAN DIET. MEAT^ DIET. A AlIXED DIET. AY’^ITAMINOSES. 
VITAMIN A. NIGHT BLINDNESS. VITAMIN B. VITAMIN C. SC.URVV. 
ULTRA-VIOLET RAYS. VITAMIN D. RICKETS. VITAMIN E. RIBOFLAVIN. 


VITAMINS T, H, K, AND P. THE 

T he human digestive apparatus 
is adapted to a mixed meat and 
vegetable diet. Man’s dentition con- 
tains the Ganines of a carnivore, the- 
incisors of a herbivore, and the 
molars of a graminivorous animal. 
He has salivary glands for both meat 
and vegetable diets. He has special 
digestive ferments for meat proteins, 
and others for carbohydrates. His 
intestine is not so long as that of 
herbivores, nor so short as that of 
carnivores? His caecum is not so large 
as that of the horse, yet it has not 
vanished " completely, as in the cat. 

Diet for the Average Man 

That man’s digestive tract * is um 
.doubtediy adapted to a mixed diet 
is further demonstrated by studies of 
human metabolism. A diet consist- 
ing of approximately 70 grammes of 
protein, 100 grammes of fat, and 500 
grammes of carbohydrate is most 
suited to the average man.” This 
is possible only when man eats plant 
and animal foods in the form of a 
mixed diet. 

Raw Food, A raw food diet — that 
is, food eaten raw without having’ 
come into contact with fire-^gener- 
.ally consists of vegetables, salads, 
fruit, nuts, vegetable fats, as well as 
certain grains such as oats that can 
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be rendered edible by softening. A 
somewhat expanded raw-food diet 
may contain milk and eggs, food that 
actually belongs to a “ meat ” diet. 

The Disadvantages of Rato Foods. 
Spell raw foods are poor in protein, 
calories, salt, and acids. On the 
other hand, they are rich in vitamins, 
ballast substances, and mineral sub- 
stances, which for the most part can- 
not be made available for the body. 
While an individual may be able to 
live on such a diet of raw food, he 
must consume very large quantities 
to cover his protein and carbohy- 
drate requirements. The proteins 
contained in these ravr foods are 
foreign to the human body. For the 
most part, they cannot be assimilated 
by the body at all, or they must first 
be subjected to considerable internal 
molecular reconstruction. Besides, 
these proteins are bound to the cellu- 
lose husks and can be separated from 
them only with great difficulty. 

Danger of Protein Shortage 

Owing to the large mass of raw 
cellulose contained in them, a con- 
siderable portion of such raw foods 
passes undigested and unassimilated 
through the digestive canal. The 
serious possibility of protein defici- 
ency which may occur if such a diet 
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!s con ti lined [or a long period can be 
avoided b\' drinkmg buttermilk, 
which is rich in protein. Actually 
butienuilk is a meat product, a “fluid 
meal,” 

Furthermore, when living on a diet 
of raw vegetables the body must it- 
self perform all the w^ork generally 
performed by the process of cooking 
ill a kitchen. It must manufacture 
greater quantities of digestive fluid 
in its glands, the intestine must work 
li ardor to cope tvith the very large 
quantities of coarse food, the kidneys 
must excrete the excess mineral sub- 
stances that cannot be eliminated, 
and so on. 

Loss of Salt and Water 

Plants have a high potassium and a 
low sodium content. Potassium re- 
luoves water from the tissues. If an 
individual changes to a diet of raw 
plant foods, he loses several quarts 
of water within a few days and with 
it approximately fifty grammes of 
salt. This loss of water decrea.ses the 
burden on the circulation, and the 
Joss of salt does the same for the kid- 
neys and the skin, the skin being the 
chief depot for salt. In certain selec- 
ted cases a raw-food diet is an excel- 
lent therapeutic instriunent. How- 
ever, for a normal working in- 
ciit’idual it is a rather irrational diet. 

A Vegelariiui Diet. A vegetarian 
diet, striclly speaking, is a diet com- 
prising exclusively plant products. 
Ho^vc\ er, such meat products as eggs, 
milk, butler, cream, and cheese are 
usually added. Like the raw-food 
diet, a vegetarian diet is relatively 
poor in calories and protein, but 
since the foods are cooked the num- 
ber of calories ihat become available 
and their nutritive values are incom- 
parably greater. A vegetarian must 
also ingest relatively large quantities 


of fbcxd in order to cover his basic 
needs, since plant foods, ow ing to 
their high cellulose content, are not 
as well assimilated and require more 
work in chewing, secretion of diges- 
tive fluids, and intestinal movement. 
The digested protein substances are 
foreign and consequently inferior to 
those of meat. On this account all 
herbivorous animals have specially 
developed digestive apparatuses : the 
giant grinding teeth of elepliants, 
the crops of grain-eating birds, the 
muscle stomachs in chickens, the 
rumination mechanism of the cow, 
and the long intestine of the horse. 
Nevertheless, the digestive process re- 
quires a great deal of time, and al- 
most all herbivorous animals do little 
else but eat and rest after eating. One 
need only compare the life of a rab- 
bit with that of a dog in order to 
obtain a graphic conception of the 
different “ modes of life “ of herbi- 
vores and carnivores. A silkwmrm 
consumes about 5>5 pounds of mul- 
berry leaves in order to attain a 
weight of 0.1 ounce; a leech, on the 
other hand, can live nine months on 
one meal of blood. 

An Undeej^d Question 

Whether a vegetarian mode of life 
offers any advantages to compensate 
for its many disadvantages is still an 
open question. At present it is still 
unproved, and on the whole rather 
improhable. 

Meat Diet. There are individuals 
who live exclusively on meat — for in- 
stance, the Polar peoples and the in- 
habitants of coasts and islands hav- 
ing little vegetation. These peoples 
arc in comparatively good health and 
probably live as long as people else- 
where. We know of several Polar ex- 
plorers who lived on meat and blub- 
ber for as long as seven years and 
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VALUE OF A MEAT DIET 


.sufl'ered no barm. Scientific experi- digest theiu with his nicdiuiii-si/cd 
inents during which human beings intestine. I'his |_>rol‘usion of nai lira! 
were feci i'or as long as two years qualities coupled with the adapta- 

exclusively on meat led to sinih bility of man is at ihe f)asis of man's 

far results. The widespread opinion rise to his present stale, 
that the consumption of meat is Besides protein, fat, carbohydrates. 

is completely unproved. If water and minerals, man's food must 
a meat diet were harmful, there 
would be no carnivores in nature, 
and if man had been ‘‘ intended ” by 
nature not to eat meat, he would have 
no mechanisms within his body for 
tlie digestion of meat. Considered 
objectively, meat is without any 
doubt an important and useful food. 

It contains protein in the form of 
molecules similar to those of the 
body, also mineral salts and vitamins, 
as well as the valuable blood pig- 
ment. Of all foods it requires the 
least amount of work for digestion, 
and is also best assimilated. It leaves 
only minute residues. With the in- 
crease and development of world 
commerce and the rise of the stand- 
ard of living throughout a large part 
of the world, the consumption of 
meat has increased extraordinarily. 

During the last century it has grown 
at least ten times greater. 

A A[ixed Diet. Man is naturally 
adapt ed to a mixed diet. It is charac- 
teristic of man that he is not as uni- 
laterally specialized as most animals. 

Me can accomplish many things. He 
can run on a level surface like a 
horse, and also climb trees like an 
ape. He can live in the tropics as 
well as in the Arctic. Man can accom- 
plish more with his hand than any 
other creature, nor is he simply an 
animal dependent on a single sense 
organ, either’ the nose, the eyes, or 
the ears. Indeed, one may say that 
man can do almost everything. And 
along with these other natural quali- 
ties he possesses the ability to chew 
a great variety of foodstuffs and to 


Fig. 226. Wheat is one of the staple foods 
of mankind. Every day countless millions 
of wheat grains are ground into flour, and 
each one of them has a complicated internal 
structure like that of. the grain above. 
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contain still other substances known plants also contain a yellow red pig- 
as vitamins, because they are indis- merit which is found in particularly 
pensabie for the maintenance of life large quantities in carrots, and which 
(ifita), \’'itamins are substances has therefore been named carotin, 
formed by plants or animals which Like chlorophyll it is formed in 
must be supplied to the body in min- plants through the action of sunlight 
iite quantities so that the vital pro- [Figure sisy]. Carotin enters the 
cesses may continue undisturbed. stomach (i) in green plants such 

Avitatni noses. Lack of vitamins as spinach, lettuce, cucumbers, and 
causes diseases known as avitamin- in coloured fruits and vegetables 
OSes. Some of these deficiency .dis- such as carrots, tomatoes, and ber- 
eases have been known for centuries ries. From the intestine (^) it passes 
— for example, rickets and scurvy, to the liver (3), where it is con- 
Indeed, empirical methods of treat- verted into vitamin A, probably 
ment had been developed for scurvy through the action of an enzyme 
and rickets long before vitamins were called carotenase. From the liver 
discovered and their causal connec- vitamin A is then distributed to all 
tion with these conditions eiuci- the organs by the blood stream (4, 5). 
dated. Thus John Woodall, an 
English naval surgeon of the seven- Seeing in the Dark 
teenth century, recommended the use • The precise action or function 
of lemon juice as a preventive and of vitamin A in the body is still 
curative measure for scurvy. Simi- unknown, but evidence suggests that 
larly cod-liver oil has been used for it functions in chemical combination 
the treatment of rickets for more with other substances. There is some 
than a century. The vitamins exer- evidence that vitamin A is necessary 
cise a remarkable regulatory effect for the proper function of the eye 
upon various fundamental metabolic in adapting itself to vision in the 
processes of the body-— for example, dark. The retina, or light-perceiving 
bone formation. In the absence of background, of the eye contains a 
vitamins neither proteins, fats, carbo- reddish substance known as visual 
hydrates, nor salts are properly purple. When the retina is exposed 
utilized in the body. to light this substance becomes 

bleached and its colour disappears. 
Eight Principal Vitamins In darkness, however, the pigment re- 

It is probable that vitamins be- forms and the original colour re- 
long to the oldest products of living turns. It is generally believed that 
creatures, for they are also pro- visual purple is a sensitizing pigmen t 
duced by the lowest creatures — the which enables the eye to see objects 
bacteria, algas, and yeasts. At pre- in a dim light. If the regeneration 
sent there are eight vitamins defin- of visual purple is disturbed, the 
itely known to be of significance for affected individual is unable to see 
the human body. These are vitamin in the dark; he is ‘‘ night-blind.’’ 

A; the vitamin B complex, contain- Night Blindness. This condition 
ing Bi, nicotinic acid, and riboflavin; is found among groups and peoples 
and vitamins C, D, E, and K, whose food contains little carotin — 

Vitamin A. Together with the for example, among the poor hunt- 
green-ieaf pigment, chlorophyll, ing tribes that inhabit the steppes 
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of Russia. Diuaiig the first W 
War the Danes sold their butter and 
other dairy products to the belliger- 
ent countries, while they ate mar- 
garine. Because of a lack of carotin, 
and consequently of vitamin A, 
many {)f them became night-blind. 


It has long been known that night 
blindness is benefited by the adtnin- 



Fig. 228. By feeding rats on food lacking 
vitamin A, stones can be made to form in 
their kidneys and bladder, as the X-ray 
photograph at (A) reveals. On adding 
vitamin A, the stones disappear (B). 

istration of cod-liver oil. Hippo- 
crates, the father of medicine, recom- 
mended the therapeutic use of ox 
liver dipped in honey. The Turko- 
mans of Central Asia combine this 
empirical therapy with magical rites. 
They boil a ram’s liver and after 
various mystical ceremonies feed it 
to the patient. More recent evidence 
has confirmed that some substance 
present in the liver and in certain 
fats is concerned with the regenera- 
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tion of the visual purple. Since the 
liver is the organ which stores the 
carotin of the food and transforms 
it into vitamin A, it seems possible 
that a lack of this vitamin is the 
cause of night blindness. 

Vitamin A Deficiency. It is charac- 
teristic of the vitamins that each of 
them performs several functions. In 
addition to its role in the regenera- 
tion of the visual purple, vitamin A 
also has other functions. If the body 
lacks vitamin A, a pathological con- 
dition of the eyes known as xeroph- 
thalmia is produced. The cornea 
dries up (Greek : xeros, dry) and be- 
comes ulcerated and inflamed. 

Vitamin A deficiency also leads 
to changes in the mucous membranes 
of the respiratory, alimentary, and 
genito-urinary organs as well as in 
the eyes and the tear glands. A 
healthy mucous membrane is able to 
withstand infection and oppose bac- 
teriak attacks. However, vitamin A 
deficiency predisposes to bacterial in- 
fections, and it seems likely that this 
is due to the changes in the mucous 
membranes. Perhaps vitamin A de- 
ficiency plays a role in colds, sore 
throats, and inflammations of the re- 
spiratory passages and the intestinal 
tract. Therapeutic possibilities 
suggest themselves here, but one can- 
not say any more than this at pre- 
sent. In rats fed on a diet deficient 
in vitamin A concretions form in the 
urinary passages [Fig. iu>8 (A)]. Wlieii 
vitamin A is added to the diet these 
“ stones ” disappear (B). During the 
winter months, because of a lack of 
food rich in carotin, the body is 
relatively deficient in vitamin A. 

Cod-Liver Oil. The human body 
needs at least gramme of caro- 
tin daily, but the optimum quantity 
is about .jJj, gramme. Milk, butter, 
eggs, carrots, string beans, cucum- 
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hers, toiiiatoes, and liver are all rich 
in carotin. During the sumnier the 
liN’cr contains i’oiir times as much 
vitamin A as during the winter, be- 
cause animals have fresh food. Vita- 
min A is present in very large quanti- 
ties in fish livers. The livers of such 
fish as cod and halibut are used to 
procure the oils containing vitamin 
A. Cod-liver oil contains five times 
as much vitamin A as the best, fresh 
liver of a land animal, and ten times 
as much as the best butter. 

Vifarnhi B. Vitamin B is the most 
tvidely distributed of all vitamins, be- 
ing present in all natural foods. 
Brewer’s yeast contains an . abund- 
ance of vilamin B, and where beer 
is consumed daily there is no B- 
avitaminosis. 

Related Vitamins 

Research in this subject has 
shown that vitamin B is a member of 
a large group of substances known 
as the vitamin B complex. Within 
this group vitamin B has been desig- 
nated as Bi. Three members of this 
large group (Bi, nicotinic acid, and 
riboflavin) have been shown to be 
chemical entities and have been un- 
equivocally linked with deficiency 
disease in man. Vitamin Bj is essen- 
tial in normal human metabolism as 
well as in lower forms of plant and 
animal life. It is present in. abund- 
ance in wheat, rice, peas, beans, and 
lentils, \htamin Bi is contained in 
whole-wheat bread and in rye bread, 
but not in white bread because it is 
lost in the process of grinding and 
refining the flour [Fig. 226], If ani- 
mals are fed exclusively on white 
wheat flour, they die after 12 to 40 
days. If they receive rye flour, they 
remain healthy. When rice is 
polished, the skin and the embryo 
are removed, and with them the 
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vitamin content. PoHsliei! rice is de- 
voicl of vitaoiiiis. 

Beri-Beri. In eastern .Vsia where 
polished rice is the chief food of large 
masses of the popuiaiion, tiie exclu- 
sive use of this food produces a dis- 
ease known as beri-beri. The direct 
cause of beri-beri is a deficieuev of 
vittimin Ih which produces a disturb- 
ance of metabolism in the bodv. 
This disease is characterized by in- 
fiammation of the nerves, degenera- 
tion of the ner\X)iis system, accumu- 
lation of body fluid in the tissues and 
body cavities, and enlargement of the 
heart, leading eventually to heart 
failure and sudden death. 

Ufa min B Deficiency and Its 
'freatrnent. Mild forms of beri-beri 
appear among children fed exclu- 
sively on milk and carbohvdrale 
foods among pregnant and nursing 
women (since the child derives its 
vitamin Bi from that ingested by the 
mothei*) and in persons with height- 
ened metabolism. In those cases 
where the metabolism of the body is 
increased by strong muscular exer- 
cise, fever, or the administration of 
thyroid tissue, the vitamin intake 
must likewise be increased, otherwise 
the individual suffers a loss of appe- 
tite with a con.sec[ueni loss {)f weight. 

Varying Seasonal Needs 

In normal conditions an adult 
requires from one to two milligram- 
mes of pure vitamin B, daily. This 
rec|uirement is not fixed, however, 
but varies with the body weight and 
stature of the individiuiL with his 
occupation, and also with the season 
of the year. A greater vitamin intake 
is required in winter than in summer, 
just as a person performing heavy 
•labour also has a higher require- 
ment. There is no disease that can 
be cured as rapidly as the paralysis 
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due to vitamin Bi deficiency. A 
pigeon, unable to move for days 
owing to beri-beri paralysis caused 
by a diet of polished rice, is able 
to fly away a few hours after a lump 
of yeast has been administered. . 

Vitamin C. Vitamin C is an acid, 
which has been named ascorbic acid 
to denote its anti-scorbutic (scurvy- 
preventitig) nature. In contrast to 
vitamin Bi, it is found not in the 
plant embryo but in fully developed 
plants. All actively growing parts of 
the higher plants (roots, stems, buds, 
and pods) as well as ail fresh green 
leaves contain significant quantities 
of vitamin C. Almost all mammals 
synthesize their own ascorbic acid 
in the liver and are consequently not 
affected by a deficiency of vitamin C. 
Only man, the anthropoid apes, and 
guinea pigs do not have the ability to 
synthesize ascorbic acid. The dis- 
tribution of vitamin C in the human 
body is similar to that in the guinea 
pig and in animals such as the rat 
and the chicken which synthesize 
their own supply of vitamin C. In 
general the tissues that are character- 
ized by a high metabolic activity have 
a high vitamin C content. 

Vitamin C Deficiency 

An important centre for storing 
vitamin C is the adrenal cortex [Fig. 
559 (a)]. If the body is deficient in 
vitamin C, the blood vessels become 
fragile and bleed easily. Black and 
blue marks appear on the skin (c) and 
near the eyes (d), the gums bleed 
easily (e), the hormones and enzymes 
function poorly (b), carbohydrate 
metabolism is disturbed, resistance to 
bacterial infection is lowered, aiid in- 
flammations of the respiratory pas- 
sages develop (f). The body require- 
ments for vitamin C vary for different 
age groups. Infants need from about 


8 milligrammes (for newborn babies) 
to 50 milligrammes daily; children 
require from to 100 milligrammes 
or even more; and adults from to 
i GO milligrammes or more. If the 
body is deficient in vitamin C, an 
avitaminosis appears which may take 
one of three different forms. 

Scourge , of the . Sea 

Sea Scun/y. The most serious form 
is sea scurvy, a disease feared by all 
seamen in former centuries. It ap- 
pears when people must live for long 
periods on preserved meats and can- 
ned foods and are unable to obtain 
fresh vegetables and fruits. The in- 
dividual loses his appetite, becomes 
weak, and bleeds from the mouth, 
nose, intestine, and urinary bladder. 
The blood which leaks out of the 
surface blood vessels forms dark spots 
(petechiae) and nodules that break 
open and spread a foul odour. The 
heart fails, and death ensues. 

It was recognized very early that 
scurvy can be prevented by the use 
of certain foodstuffs. Captain Cook 
bn his voyages round the world pro- 
vided preserved cabbage for his men. 
The French explorer Cartier learned 
from the American Indians how to 
cure scurvy with a decoction of the 
sprouts of the Canadian fir. In 1795 
the British Navy introduced the use 
of lemon juice to prevent scurvy. 

Infantile Scurvy. Infants particu- 
larly need a great deal of vitamin C. 
During pregnancy the mother sup- 
plies the child with the vitamin. At 
birth the child is supplied with re- 
serves sufficient for ^ a days, the 
quantity furnished depending on the 
state of nutrition of the mother. 
Thereafter vitamin C must be sup- 
plied either through breast milk or as 
a supplement to artificial feeding in 
order to maintain the infant’s supply 
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at the blood level required by the 
body. Breast milk has long been 
considered much richer than cow's 
milk in vitamin G, and chemical tests 
have confirmed this. If a child is fed 
on cow’s milk without any supple- 
mentary administration of vitamin 
C, it will very likely develop scurvy. 
This can easily be prevented by add- 
ing fruit juices — for instance, orange 
juice— and fresh vegetables to the 
child’s diet. 

Spring Sickness, If the body does 
not receive enough vitamin C during 
the winter due to a scarcity of fresh 
Iruits and vegetables, the individual 


may develop a latent a\’itamiuosis. 
Such a person complains of fatigue, 
inability to work, weakness of the 
legs, headache, and bleeding gums, 
and is very susceptible to various in- 
fections. This condition occurs par- 
ticularly in the spiing and has there- 
fore been called “ spring sickness.” 
These symptoms of mild scurvy ap- 
pear particularly among children 
during the first months of spring. 
This condition is easily overcome by 
the administration of vitamin G. 

Vitamin C occurs in rose hips, pine 
needles, and lettuce, and in citrus 
fruits, such as lemons, oranges, and 


Fig. 229. Vitamin C. Within the letter C is shown the beautiful crystal of this vitamin^ 
which is found in green vegetables, lettuce, potatoes, and citrus fruits such as lemons, 
oranges and limes. Vitamin C is stored in the adrenal cortex (a) and passes thence 
to the stomach (b), skin (c), mucous membranes (d), gums (e), and respiratory 
passages (f). Lack of vitamin C causes severe disorders, such as scurvy. 
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grape-fruit. It is also abundantly pre- 
sent in parsley, radishes, tomatoes, 
blood, liver, and fresh meat. The 
vitamin C content of the potato is not 
high, but since it is consumed in large 
c|uautities in various European coun- 
tries, it furnishes an important source 
of vitamin C for large communities. 

Abolishing Scurvy 

In the Scandinavian countries 
scurvy has disappeared since the in- 
troduction of the potato. Thus un- 
der norniai conditions ordinary 
foods can usually be relied upon to 
supply this essential factor. For 
therapeutic use in cases of disease 
synthetic preparations of crystalline 
vitamin C are now available. Ascor- 
bic acid may be administered orally 
in tablet form or parenterally, by 
injection into muscles or veins. 

The VUra-V iolet Rays, The sun 
radiates waves of varying length. 
Vibrations between 3,888 and 6,500 
Angstrom units are perceived by us 
as light (an Angstrom unit equals 
one ten-millionth of a millimetre). 
Shorter and longer vibrations are in- 
visible. The shortest visible waves 
are those of violet light rays. Beyond 
them are still shorter vibrations that 
we are unable to j^erceive, which are 
therefore known as ultra-violet rays. 

Sunlight in the Skin 

llie shorter the wave length, the 
less its penetrating power and the 
more are the rays arrested in the skin, 
where they excite irritation. The 
ultra-violet rays produce the most 
irritation, causing the condition 
known as sunburn. In addition to 
this effect ultra-violet rays also exert 
a photochemical action on certain 
fats in the skin. 

Viitnnin D. The skin contains a 
fat known as cholesterol. Closely re- 


lated to cholesterol and constant iv 
associated with it is anodier com- 
pound kncnvii as ergosteroi. Ill is is 
the inactive form of vitamin D, 
Ergosterol has the capacity for ab- 
sorbing certain ultra-violet radia- 
tions, particularly those at wave 
lengths of 360, 3 70, 282, and 2 9 3 
millimicrons. (A micron [ /x ] is equiv- 
alent to 0.001 millimetre, and is an- 
other unit used for the measurement 
of wave lengths.) When ergosterol 
is exposed to ultra-violet radiations 
of these wave lengths, it is trans- 
formed into vitamin D [Fig. 230 (6)]. 
Vitamin D is also formed by irra- 
diating ergosterol outside of the body 
-—for example, by placing milk con- 
taining ergosterol in front of an 
ultra-violet lamp. By irradiating 
ergosterol vitamin D can be prepared 
in any quantity desired (9 and 10). 

Bone-forming Vitamin 

The human body requires ex- 
tremely small quantities of vitamin 
D. The calcium metabolism of the 
body is controlled by vitamin D. 
Bone consists of calcium phosphate. 
Vitamin D is pi'esent in the blood 
and acts by increasing the absorption 
of calcium and phosphorus from the 
intestine, by increasing the solubility 
of these minerals in the blood, and 
by conserving them in tire bod)'. 
Thus vitamin D aids in the calcifica- 
tion of bone and the formation of cal- 
cium phosphate (8). When the 
vitamin is absent or deficient in the 
diet, calcification of bone is inter- 
fered with and rickets results. 

Rickets. In this disease the bones 
remain soft and become bent; the 
growth zone between the shah of the 
bone and the joint cartilage thickens 
and gives rise to nodules at the wrists, 
ribs, knees, and ankles. The bones 
of the skull also thicken at certain 
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points, giving the head a square box- 
like 1 ‘orni. The muscles are flabby 
and the abdomen is prominent 
(■* pot-!)e)iied ”) on account of en- 
largement of the liver and intestinal 
liatu fence. Under the weight of the 
trunk the spine bends backward or 
laterally. The normal process of 
dentition is disturbed. Late teeth- 
ing is a characteristic feature of 
rickets, and the teeth that appear 
mav be small and bad!) formed. 

Richcis (uid Snusliine, Rickets is 
much commoner during the 'tvinter 
than the summer months, as well as 
in countries delicient in sunshine. 
These seasonal and geographic 
diil'erences are due to a varying ab- 
sorption of ultra-violet radiation by 
the atmosphere at difierent times 
during the year and in different 
places. In winter the axis of the 
sun’s rays is so oblique that they must 
travel through a greater depth of at- 
mosphere. As a result the ultra- 
violet rays are mostly absorbed. 

Siinlfght Starvation 

In those large cities wliere the at- 
mosphere is contaminated by smoke 
and dust particles the degree of ab- 
sorption is even greater. Ultra-violet 
radiation is also lost when sunlight 
passes tiiroiigh window glass since 
the lead in the glass absorbs the rays. 
Moreover, large groups of people — 
for example, miners, night workers, 
and indoor workers in general — are 
una[)le to take advantage of sunlight 
because of their occupations. Since 
a large part of the vitamin D in the 
body is created through the activa- 
tion of ergosteroi in the skin by ultra- 
violet rays, it is o!)vious tiiat large 
iuimbers of individuals in urban cen- 
tres am! in certain occupations will 
have a vitamin D deficiency during 
the winter months. At present, how- 


ever, it is possible to obtain ultra- 
violet radiation ariihciallv !>\ mcau^ 
of mercury va|?:>ur lamps and to ad- 
minister \ilaniin 1) in highly con- 
centrated forms. I'he result has been 
that serious forms of rickets in chil- 
dren liavc become relativelv infre 
quent. At the same time it vvouhl 
iindoubtedh !>e of l)eneht if vitamin 
D was taken b\ both adults and chil- 
dren during the winter months, it 
is not unlikely that the general level 
of health throughout the populalioti 
would be raised. 

Arctic ■ Elixir ■ 

Cod-Liver OIL For some as yet un- 
known reasons the bacilli and algw 
of the Arctic seas are particniarlv rich 
in ergosteroi [Fig. (i)]. d’hey 
serve as food for crabs and snails, 
which are themselves eaten bv small 
fivshes, and these in turn are the prev 
of codfish (s). The cod stores viltmiin 
D in its liver, and it is from this 
organ that cod-liver oil is expressed 

(3) . .Since ancient limes cod-liver oil 
has correctly been regarded as a truly 
magic remedv for ail the develop- 
mental disturbances of tlie child. Re- 
cently it has been y^ossibie to prepare 
fish oils of such great concentration 
that several drops a day arc suflicient 
to correct anv vitamin D deficiency 

(4) . Besides the liver of the cod, con- 
siderable quantities of vitamin D arc 
also contained in mackerel, herring, 
egg yolk, butter, and animal livers. 

Safeguard In Pregnancy 

During pregnancy the child re- 
ceives its vitamin D from its motiicr. 
For this reason tiic vitamin D re- 
quirements of the maternal body at 
this time are greater. If the needed 
extra vitamin is not supplied, the 
teeth decay or become loose, the 
bones become softer, and disorders 
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of both appetite and digestion ap- 
pear. It is therefore a sound policy 
to administer vitamin D in adequate 
quantities to all pregnant or nursing 
women, no matter what their diet or 
the season of the year. The vitamin 
may be administered either by mouth 
or by irradiating the skin. If a nurs- 
ing mother receives ultra-violet 
treatments, the vitamin D content of 
her milk increases, and her child is 
benefited. Ultra-violet irradiation of 
a nursing mother has the same effect 
as the administration of vitamin D 
to the child. 

The Treatment of Rickets. There 
are three chief methods for the treat- 
ment of rickets [Fig. S30]: 

I. The administration of cod-liver 
oil. Metaphorically speaking, cod- 
liver oil is fluid light, the captive 
ultra-violet light of the northern 
seas, Polar light poured into bottles 
and administered with a spoon (1-4). 

II. After the discovery of ultra- 
violet radiation and its relation to 
vitamin D, lamps were constructed 
which were able to produce ultra- 
violet rays. Since active rays of ultra- 
violet light could be obtained when- 

‘ ever needed from such artificial 
sources, these lamps were soon em- 
ployed for therapeutic purposes. A 
child with vitamin D deficiency is 
placed under such a lamp and ex- 
posed to the rays for specific periods. 

How Light Rays Build Bone 

The rays activate ergosterol in 
the skin and transform it into vita- 
min D, which in turn acts on the cal- 
cium and phosphorus in the blood, 
combining them to form calcium 
phosphate (5-8). 

III. Later it was discovered that 
vitamin D is also formed outside the 
body when substances containing 
ergosterol are irradiated by means of 


ultra-violet lamps. Thus it became 
unnecessary in a great many cases to 
expose the child itself to ultra-violet 
rays. Instead ergosterol was irradi- 
ated and administered by mouth, 
thus oflering a more economical and 
simpler method of treatment (9-10). 

Selecting a Remedy 

While this is an important advance 
in vitamin D therapy, yet one should 
not jump to the conclusion that the 
other forms of therapy mentioned 
above (I and II) are thereby com- 
pletely superseded. Each of these 
three methods has its particular ad- 
vantages, and an experienced physi- 
cian... will know which method or 
which combination of methods to use 
in a particular case. For this reason 
laymen should not practise self-medi- 
cation when they suspect a deficiency 
of vitamin D, but should consult a 
physician, who will determine 
whether such a condition exists and 
advise them I'egarding the most ap- 
propriate form of therapy. 

The Danger of Excessive Doses of 
Vitamin D. The use of iri'adiated 
ergosterol or vitamin D in large doses 
should occur only under the super- 
vision of a physician since this vita- 
min is not entirely innocuous. Over- 
dosage produces such subjective 
symptoms as intense headache, 
nausea, vomiting, profuse perspira- 
tion, loss of appetite, and lassitude. 
Excessive doses of vitamin D increase 
the blood level of calcium and phos- 
phorus, and may produce calcifica- 
tion in the kidneys and the blood 
vessels. For this reason vitamin D 
should not be used in large doses 
without consulting a physician. 

Vitamin E. Vitamin E is found in 
growing plants and is abundantly 
present in the wheat germ, in lettuce, 
tomatoes, meat, and others foods. 


DIETS AND VriAMJNS 
I’lie (ipcralioii of vitamin E in the 


li liman body is not yet completely 
miderslood. In animals it has been 
pvovcd that vitamin E is necessary 
for normal reproduction. 

< lie Fertilitj’ Vitamin 
Of aniinals reared on diets lack- 
ing vitamin E the males become 
sterile, while the females that are fer- 
tilized fail to caiTy their young to 
term. Wheat-germ oil containing 
V itaniin L has been used in the treat- 
mem of habitual miscarriage in 
tvomen with some success. 

liibofidvm. Riboflavin was first 
isolated from milk and was originally 
called lactoflavin. It has also been 
named vitamin B- and vitamin G. 
ft is a teilotv substance with a char- 
acteristic fluorescence and was first 
synthesized in 1935. in the body, the 
liver, kidney, and heart contain the 
largest amounts of this material. The 
body guards its store of riboflavin 
very carefully. Rats will die for lack 
of riboflavin, but the liver, kidney, 
and heart still contain about one 
third of their normal quantity. Its 
e.ssential function is not yet entirely 
established, but there is no doubt 
that it plays an important part in the 
oxidative processes of the cells. 

Pellagra 

I -P bat lot (PslUigf’a - preventive 
b'eic/or). Pellagra is a disease found 
lit regions and countries, such as 
Italy and the southern United States, 
wliere corn or maize forms the chief 
dietary staple of the poorer classes 
in rural districts. However, it is not 
confined only to these regions. The 
disease is characterized by symmetri- 
cal pigmentation of the skin, particu- 
larly the exposed parts such as the 
face and hands, gastro-intestinal dis- 
turbances, and nervous and mental 


disorders. Wiiile classic, full-blown 
cases of pellagra are relatively un- 
common outside the southern 
United States, mild forms of the 
disease are quite frecjuent, particu- 
larly among individuals suffering 
from gastro-intestinal diseases or 
gall-bladder conditions. In such per- 
sons the development of pellagra is 
due to a failure to consume a diet 
quantitatively or qualitatively ade- 
quate. In many instances this failure 
arises from long-established faulty 
dietary habits, arbitrary diets for the 
relief of gastric symptoms such as dys- 
pepsia, and long adherence to un- 
balanced diets employed for the 
tieatment of diseases such as peptic 
ulcer, chronic colitis, or diabetes. 

Nicotinic Acid 

In 1 937 it was discovered that 
black tongue, a disease of dogs, 
analogous to pellagra, could be cured 
the cidiniiiistratioii of nicotinic 
add. Since then it has been success- 
fully employed in the treatment of 
pellagra. It had been known for 
a number of years that pellagra 
could be cured by a diet of yeast and 
fresh meat, including liver and kid- 
ney, and it had been assumed that 
such foods contained a peilagra-pre- 
V en ti ve factor. Now it appears th at 
nicotinic acid is either the P-P factor, 
or a compound that combines witli 
other substances to form the vitamin 
Vitamin T. Vitamin T is a sub- 
stance kmnd in egg yolk and sesame 
otJ, M'hicli, when ingested by human 
beings or by rats, increases the num- 
ber of platelets in the blood No 
other information about this vitamin 
with regard to either its nature or 
physiological action is as vet avail- 
able. 

I itaminH, in 195^6 two American 
scientists, while studying the P-P 
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factor of pellagra, observed an in- 
fianiniaUon of the skin in rats which 
was produced when they attempted 
to deinonstrate experimentally a de- 
ficiency of the P-P factor in these 
animals. Later studies showed that 
this skin disturbance is not due to a 
deficiency of the P-P factor but of 
some other substance. It was pro- 
posed that this factor be called B,;. 

Obscure Vitamins 

More recently it has been named 
vitamin H. It is present in liver, 
yeast, fish muscle, rice bran, and 
wheat germ. Until now this dietary 
factor has been found essential only 
for the nutrition and growth of rats. 

Vitamin K. Vitamin K is a specific 
vitamin the absence of which in the 
diet of chickens, young birds, pigs 
and rabbits causes the blood to be- 
come slow in clotting. This vitamin 
is present in pig’s liver, spinach, cab- 
bage, tomatoes, and alfalfa. Little is 
known of the chemical nature of this 
dietary factor. It appears that the 
normal human body obtains vitamin 
K directly from ingested food, or in 
consequence of the putrefactive 
action of intestinal bacteria on food. 

Aiding the Surgeon 

Inasmuch as this vitamin prevents 
bleeding in animals it has recently 
been administered to persons wdth 
iaundice who must be opex'ated on, in 
order to prevent bleeding. Jaundice 
disturbs the normal clotting of the 
blood and renders such individuals 
liable to haemorrhage during and 
after an operation. 

Vitamin P. Closely related to vita- 
min C is a substance found in lemons, 
red peppers, and tea, which has been 
labelled vitamin P. It is believed 
that this factor helps the body to 
x'etain vitamin C. At present little 


is known about its action iii the body. 

The Vitamins and the Orgaiiism, 
The discovery of the vitamins and 
the role which they play in the econ- 
omy of the living organism is one of 
the great achievements of the modern 
science of nutrition. The study of 
vitamins is constailtly progTessing 
along various lines of investigation. 
Factors are being isolated, their 
chemical nature studied, their syn- 
thetic prepai'ation attempted and 
carried out, their physiological pro- 
perties analysed. And as a result of 
these various activities the relation of 
the vitamins to the fundamental bio- 
logic processes of the body becomes 
clearer, and even now it is knowm 
that certain vitamins are concerned 
with tissue and cell respiration, the 
penxieability of the capillary blood 
vessels, and other bodily functions. 

Variety in Food 

The reader will probably be im- 
pressed by the important I'ole played 
by the vitamins in the body, and 
wonder whether extra quantities of 
vitamins may not be necessary in his 
particular case. In general an extra 
supply of any vitamin is unnecessary 
if the individual has a well-i*ounded 
diet containing fresh meats and vege- 
tables. A diet containing milk, but- 
ter, cheese, eggs, tomatoes, carrots, 
lettuce, young radishes, chives, pota- 
toes, cabbage, spinach, lemons, 
oranges, apples, berries, bananas, 
fresh meat, kidney, liver, brain, and 
rye bread wull contain all the neces- 
sary vitamins. The average persoxi 
has no need for any special expensive 
vitamin preparations in tablet or 
fluid form. Should there be any 
doubt on this point, the individual 
should consult his physician first be- 
fore attempting to treat a condition 
which, after all, may be non-existent. 











CHAPTER XXIX 


Hunger and Thirst; 
Stimulants 

METABOLIC EQUILIBRIUM. THIRST. HUNGER. WHAT ARE STIMULANTS ? 
WHAT IS POISON? COFFEE. TEA. TOBACCO. NICOTINE. ALCOHOL. 
THE RELAXATION OF INHIBITIONS. PROHIBITED AND PERMITTED. 


IS ALCOHOL 

O NE of the most characteristic 
phenomena of living things is 
metabolic equilibrium. Each organ- 
ism grows to a certain point, and 
stops when it is fully developed, 
maintaining its weight through all 
the subsequent phases and vicissi- 
tudes of its life. This state is de- 
scribed as metabolic equilibrium. 

Control of Body Weight 
Abnormal measures such as fat- 
tening or reducing diets must be 
used to make the body change its 
weight, but in most cases it generally 
I'eturns to its old state of equilibrium 
after such a diet has been abandoned. 
The regulation of body weight is per- 
formed by thirst, hunger, and also by 
appetite. 

Thirst. Among the various meta- 
bolic centres in the brain, there is 
also a hunger and thirst centre. In 
Figure 332 we see three people: a 
man behind a counter, and before 
him two men, one reaching for some 
food, the other for a drink. In the 
sandwiches are black crosses symboliz- 
ing food, and in the glass white dots 
symbolizing water. The blood of the 
man behind the counter contains the 
symbols of both water and food. He 
lacks nothing; he is satisfied. The 


HARMFUL? 

blood of the man at the right lacks 
water. His brain has a nervous ap- 
paratus, the thirst centre, which is 
regulated and adapted to a certain 
water and salt content of the tissues. 
If this level changes, by either rising 
or falling, the centre is stimulated 
and sends an impulse to the pharynx, 
which contracts. It is this contrac- 
tion of the pharynx that we feel as a 
“ dry throat ” or as thirst. If the body 
loses too much water due to excessive 
perspiration or diarrhoea, the blood 
withdraws water from the tissues in 
order to maintain its composition 
constant. This removal from the 
tissues registers in the thirst centre 
and is called to our attention as a 
dry throat. 

“ Braking ” the Organs 

Hunger. The man on the left side 
has enough water in his blood vessels, 
but he lacks food. This lack of nutri- 
tive materials is noted by a centre in 
the brain, called the “hunger"’ cen- 
tre. , This hunger centre is a brake 
mechanism. It brakes the activities 
of the stomach and intestine as long 
as the blood contains sufficient food. 
If the blood becomes deficient in 
nutritive materials, the inhibitory 
effect is relaxed, and the intestines 
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Fig. 232. The man on the lejt is hungry — the hunger centre in his brain urges hun 
to eat. The man on the right is thirsty — his thirst centre craves liquid. But the barman 
requires neither food nor drink; he is satiated and his hunger and thirst centres are 
quiescent. Black crosses symbolize food; white dots indicate water. 


become active — one can hear the 
rumbling of a hungry stomach. 

Flunger lias nothing to do with 
an empty stomach, as most people 
believe. A newborn infant comes 
into the world with an empty stom- 
ach; nevertheless it is not hungry 
for several days, since its blood was 
enriched with nutritive materials 
by the mother before birth. A feverish 
patient is not hungry, because the 
body uses up its protein supplies, 
thus feeding itself from within. Hun- 
ger disappears when the blood is 
filled with nutritive materials. 

Appetite. A feeling of hunger in- 
forms us that the blood lacks nutri- 
tive materials. Hunger is not par- 
ticular; the body cries for any kind 
of fuel (bread, potatoes, vegetables). 


Our appetite sees to it that we choose 
a mixed diet as required by the meta- 
bolism of the body. If a heap of bar- 
ley is placed before a chicken, it eats 
with a great deal of appetite, and 
then stops. Is the chicken satisfied? 
No. It has only been satiated witli 
barley. If corn granules are now 
strewn in front of it, the “ satislied " 
chicken once again begins to eat with 
appetite. When it stops eating corn, 
it can then be fed anew with bread, 
or other food, until it is ready to 
burst. Man behaves similarly. When 
he has had enough soup, he eats meat 
and vegetables: and when he has had 
enough of these, he passes with 
pleasure to a dessert, then to fruit, 
and finally he has cake and coffee. 
At the same time, he would object 
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strenuously to eating this same quan- 
tity of food in the form of potatoes. 

Hoir L()N<y C(ui an hidwidual Go 
Hiuigry ? llie ability to starve de- 
pends on the organization of the 
animal species. A tick lives on a 
bush and waits until some animal 
approaches. It then falls on the 
animal and attaches itself firmly to 
the skin of its victim. Sometimes it 
takes years before a suitable host 
animal passes. Warm-blooded ani- 
mals have a more active metabolism, 
and consec|uently consume their 
stores rapidly. The smaller and 
more active the animal, the more 
rapidly does it use up its food sup- 
plies. A song bird starves to death 
in five days and a dog in twenty. In 
general a warm-blooded creature 
dies when it has lost half its normal 
weight. Because of a conspiracy 
Count Ugolino, together with his 
sons, was condemned to death by 
starvation. The children died in the 
inverse order of their ages, the 
youngest first and the oldest last. The 
father survived them all and died 
on the eighth day. The more calmly 
an individual maintains himself, 
both inwardly and outwardly, the 
longer will the protein stores of the 
body last. Excitement and fear con- 
sume the body rapidly and hasten 
ihe occurrence of death. 

Food Animates the Nerves 

What are Stimulants ? Stiraiiiants 
are substances that are ingested not 
because of their nutritive properties 
but because they exert certain desired 
effects on the nervous system. All 
foods act on the nervous system. If 
one eats a piece of bread, part of it 
is transformed into alcohol, which 
circulates in the blood and stimu- 
lates the brain. Pepper, salt, mus- 
tard, cinnamon, and the spice sub- 


stances of parsley and chi\es are 
stimulants, A pickled herring and a 
sliarp cheese are stimulants even 
more than the)’ are foods, it is just 
as difficult to draw any sharp line 
of demarcation between foods and 
stimulants as between poisons and 
non-poisons. 

What is Poison f The concept of 
poison does not exist in nature. 
Morphine is no poison. A goat eats 
twenty grammes of morphine and 
continues to jump around without 
any apparent ill effects. A rabbit 
chews belladonna with pleasure and 
without the slightest poisonous effect. 

“ Poison ” — A Relative Term 

Hydrochloric acid, too. is not a 
poison when the stomach produces 
it constantly without any harmful 
effect on the body. In biology it is 
not easy to define precisely the con- 
cept “ poison ” and to point out what 
is harmful and what useful. It is 
impossible to give such a definition 
in one sentence for experience has 
shown that : 

1. The concept of a poison de- 
pends on the species of animal. Sub- 
stances that are innocuous for goats 
are poisonous for man, and vice 
versa. 

2. The concept of poison depends 
on the individual ingesting the sub- 
stance. For the father in the easy- 
chair a cigar is not poisonous; for 
the three-year-old at his feet it is 
fatal. 

5. The concept of poison depends 
on habituation. If the father in the 
easy-chair smokes daily, he is not 
affected by a cigar. If he were a 
non-smoker, however, it would act as 
a poison. 

4. The concept of poison depends 
on the quantity ingested. There is 
a tolerance limit for every substance. 
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up to wliidi it has no poisonous 
effect, and beyond which it acts as 
a poison. In the quantity in which 
it circulates in the blood, potassium 
cyanide is not poisonous. On the 
other hand, water can act as a poison 
if five quarts are poured at one time 
into the stomach of a human being, 
an ancient form of torture. 

The Time Factor 

5. The concept of a poison de- 
pends on the element of time. A 
heavy cigar smoked in the morning 
on an empty stomach is ten times 
more “ poisonous ” than the same 
cigar after the noonday meal. 

6. The concept of a poison de- 
pends on admixtures. The caffein 
in coffee has a different effect from 
t_he same quantity of caffein in tea, 
because in each case the caffein is 
coupled with different substances. 
Similarly, alcohol in absinthe acts 
differently from the same quantity of 
alcohol in a mild wine. 

These six principles may be ex- 
panded, but they suffice to show that 

poison ” is non-existent in nature 
in the sense in which the word is 
employed by human beings. 

C offee. The roasted coffee bean is 
a chest full of precious treasures. 
Science has not yet succeeded in dis- 
covering all its components. The 
best-known of these is caffein, a sub- 
stance chemically related to uric 
acid. Caffein is not found in a free 
state, but combined with acids. The 
bean contains one per cent caffein, 
but the effects produced by drinking 
coffee are not due entirely to caffein. 

Early Views on Coffee 

The introduction of coffee into 
Europe during the latter part of the 
seventeenth century soon led to 
spirited controversies for and against 


its use. Certain ‘‘ savants ” proved 
clearly that coffee was a poison. 

Coffee may be a poison for labora- 
tory animals when given in large 
doses for long periods. It may also 
produce toxic effects in small chil- 
dren. For adults, however, if con- 
sumption is kept within bounds, 
coffee is not a poison> particuiarly in 
the case of habitual coffee-drinkers. 
Nervous individuals who are apt to 
be injured by coffee are those most 
likely to exceed these bounds. The 
bad effects are usually not very seri- 
ous and generally disappear quite 
promptly if the habit is discontinued. 
The symptoms produced by exces- 
sive consumption of coffee are ner- 
vousness, palpitation of the heart, 
headache, insomnia, and digestive 
disturbances. 

General Effects of Coffee 

1. Coffee has a pleasant taste, thus 
affording pleasure to the senses like 
music or flowers, apart from any 
other effects. 

s. By means of its odour it activates 
the reflex apparatuses of the nose, 
like all agreeable odours, thus pro- 
ducing numerous stimulating effects 
in various parts of the body. 

3. In the brain it dilates the ves- 
sels so that the cerebral circulation 
is improved and the brain freed of 
fatigue toxins, “ Coffee is refresh- 
ingl” 

4. By stimulating the nerve cells 
it increases mental efficiency, permits 
more sustained intellectual effort, 
and produces psychical stimulation. 

5. It increases the work performed 
by the heart. The pulse rate in- 
creases and the amplitude of the 
heart-beat becomes greater because 
the cardiac muscle contracts more 
poweiffuily. 

6. The tonus of the skeletal muscle 


335 


VARYING ACTION OF COFFEE 


is increased, like that of cardiac 
muscle. 

7. The movements of the intestine 
become more active. Coffee has a 
laxative action. Individuals affected 
with intestinal spasm or gall-stones 
frequently find that coffee disagrees 
with them, because the sensitive in- 
testine or bile ducts contract even 
more -under the influence of coffee. 

8. The gastric glands secrete more 
actively. Persons suffering from ex- 
cess gastric secretion are therefore 
likely to complain of heartburn after 
drinking coffee. For healthy in- 
dividuals, however, such stimulation 
of the gastric secretion is indeed 
highly desirable, especially after a 
large ineaL 

9. It stimulates renal activity so 
that larger quantities of salts are re- 
moved from the blood. 

10. A special effect of coffee is a 
striking intensification of the desire 
to converse and communicate with 
other people. 

The Effects of Coffee at Various 
Times during the Day. The differ- 
ent effects produced by coffee at vari- 
ous times of the day are illustrated 
by Figures 251 and 233-235. In the 
morning [Fig. 231], coffee acts on 
the kidneys. In the course of the 
night, waste products collect in the 
blood, the skin glands become over- 
loaded with substances to be ex- 
creted, and the blood vessels are at 
rest. Now, when an individual 
drinks his morning coffee, the vessels 
dilate, the renal filters are filled with 
blood, urine and perspiration are 
produced, and in this manner the 
body gets rid of a large proportion of 
the waste products accumulated dur- 
ing the night. 

Coffee after lunch acts differently. 
Now the digestive organs are the 
centre of activity, so that the coffee 


acts on the gastro-intestinal glands 
and the musculature of the alimen- 
tary canal. In this way it aids the 
digestion of food [Fig. 233]. 

Afternoon coffee heightens the 
tonus of the musculature since the 
individual is quite active at this 
time. Everyone knows the incom- 
parable effect which a cup of hot 
coffee produces on the body after a 
period of intense activity [Fig. 234]. 

Very different again is the effect 
of a cup of coffee taken in the even- 



Fig. 233. Coffee after lunch acts on the 
stomach and intestine^ aiding digestion* 


ing in the course of some intellectual 
activity. At this time the coffee does 
not act on the tonus of the muscula- 
ture, Instead it produces a quicker 
and clearer flow of thought, increases 
the vividness of the imagination, en- 
ables one to appreciate sensory 
impressions more clearly, and also 
permits a better association of ideas 
[Fig. 235]. These four cups of coffee 
that are consumed in the course of 
a day (morning, noon, afternoon, 
evening) are the same chemically, but 
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Fig. 234. Afternoon coffee increases the 
tonus of muscles that are active at this time* 


differ greatly in their biological 
effects. 

Black Coffee and Cafe mi Lait* 
Milk is a colloidal suspension — -that 
is, it contains microscopic fat glob- 
ules as well as protein particles in 
suspension. Coffee has a similar 
composition. It contains in suspen 
sion drops of ethereal oils, as well as 
various large protein molecules and 
other complex compounds. If coffee 
is mixed with milk the colloidal sys- 
tems are disturbed. The caffein of 
the coffee combines with the protein 
of milk, with the result that its action 
is weakened. Adding milk weakens 
the effect of coffee; it may be regarded 
as a partial decaffeinization. 

T ea. It is well known that tea does 
not produce the same effects as coffee, 
and that it is by no means as strong. 
All the more surprising and at the 
same time instructive is the fact that 
a cup of medium strong tea contains 
as much caffein as a cup of coffee. As 


ihis example shows, the quantity of 
a stimulant is not as significant as 
the manner in which it is combined 
biologically with other substances. 
One gramme of caffein is one gramme 
of caffein~in the laboratory. In 
foodstuffs and in the living body the 
concept of a gramme of caffein exists 
only when it is administered in a 
pure state as a medicament. The 
quantity of tea consumed by Western 
man is by no means insignificant. 
However, he regards it not so much 
as a stimulant, but rather as a warm, 
pleasant-tasting beverage. 

Tobacco* When Columbus sent 
his companion Miguel de Torre to 
explore the interior of the newly dis- 
covered country, the latter returned 
with the report that he had seen 
brown men who sat before burning 
pieces of wood upon which they 
placed dried leaves and then inhaled 
the smoke through tubes inserted in 
their nostrils. This was the first ac- 
quaintance of a European with smok- 
ing. Today there are approximately 
as many tobacconists as bakeries, and 
more money is spent on tobacco than 
on bread. 

Deadly Poison 

Nicotine. The chief constituent of 
tobacco is an extremely powerful 
poison. One cigar contains enough 
nicotine to kill two men— if it were 
injected directly into the circulation 
[Fig. 236]. 

The Hellish Gas .Mix f Be- 
sides nicotine, tobacco smoke con- 
tains several other extremely fatal 
poisons, such as hydrocyanic acid (jg'gf, 
gramme in the smoke from one 
cigar); 5 per cent carbon monoxide; 
pyridine; ammonia, which irritates 
the mucous membranes, causing 
smoker’s catarrh; of one per cent 
of the very poisonous hydrogen 
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Fig. 235. AJter the mechanical functions 
of the body have slowed down, evening 
coffee excites the imagination, increases 
sociability and accelerates thought. 


(lisulpludc, etc. Mad Miguel de Torre 
returned froiu his expedition not 
only with, liis report about suioking 
but also with a chemical analysis of 
tobacco smoke, no one would have 
believed him. It is in fact extremely 
surprising and at the same time char- 
acteristic of life that man can inhale 
a truly “ hellish gas mixture such as 
'tol)acco smoke for hours daily over a 
period of years and decades without 
poisoning himself; indeed, he may 
feel himself strengthened and so 
happy that, like Lessing, he would 
not “ change places witli the gods.'’ 


Avoiding Ill-effects 

Heavy and Mild Tobaccos. The 
shorter the path from the point of 
combustion to the mouth, the greater 
will be the amount of nicotine enter- 
ing the body. For this reason long, 
thin cigars and cigarettes are milder 
than short, fat ones; and a cigar will 
become heavier ” as it is consumed. 
In the first place, the path taken by 
the smoke grows shorter, and 
secondly, as more smoke is inhaled 
through the tobacco, its nicotine con- 
tent grows greater. Therefore any- 
one who wishes to protect himself 
against the injurious effects of nico- 
tine should not smoke a cigar or 
cigarette to the very end. Nor should 
he relight a dead cigar, for as experi- 
ence shows it does not burn so well 
the second time and the smoke is 
more poisonous. One who is learn- 
ing to smoke should never be per- 
mitted to start on a cigar or cigarette 
butt, Init should be given a fresh 
one. Heavy cigars or cigarettes are 
not those with a high nicotine con- 
tent, but rather those from which 
more lliaii 15 per cent of their nico- 
tine enters the body. Mild varieties 
are those in which under 10 per cent 
enters the body. The quantity of 


nicotine that passes into the body 
varies, llte tlvier the tobacco and 
the greater the heal, the less nicotine 
will esca])c destruction. For this 
reason moist tobacco, especially in 
cigars, produces severer effects. This 
also explains why a cigar that burns 
well is “ lighter ” than one that draws 
poorly. One who smokes rapidly 
aspirates less nicotine than one who, 
in a manner of speaking, distils the 
tobacco leaves slowly ancl completely. 
In cigarette-smoking where inhala- 
tiem is commonly practised, twice as 
much nicotine will be absorbed as a 
result of nasal inhalation, and four 
times as much in pulmonary aspira- 
tion, as in simple oral inhalation 
[F'g- 237]- 

ir/yv Does Tobacco Spoil the 
Appetite ? A not inconsiderable 
C[uantity of nicotine passes into the 
stomach with the saliva, where it in- 
hibits the production of gastric juice. 
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Byron is often cited as an example of 
a famous vegetarian; yet there is no 
mention of the fact that he is also a 
prime example of an individual who 
led a very unhygienic life. In the 
morning he ate nothing and drank 
tea, and instead of eating lunch, he 
chewed tobacco and spoiled his ap- 
petite, so that he often fasted until 
the following day. 

The Effects of Nicotine. The nico- 
tine which circulates with the blood 
paralyses the ganglia, or switch- 
boards,” of the sympathetic nervous 
system. It stimulates production of 
adrenalin, the hormone of the 
adrenal gland, which inhibits normal 
intestinal movements [Fig. 238]. 

Nicotine in the System 

Nicotine produces violent peri- 
stalsis and intestinal spasm, so that 
the career of a great many smokers 
begins with an intestinal catastrophe, 
and many smokers use their cigar- 
ettes as laxatives. The blood-pres- 
sure rises, and the dermal vessels con- 
tract so that people who smoke ex- 
cessively often present a pallid 
appearance. The bile ducts contract. 
For this reason those who have some 
liver or gall-bladder affection fre- 
quently find that smoking does not 
agree with them. The effect of smok- 
ing on the nervous system is peculiar 
and has not yet been completely 
elucidated. In general, smoking has 
a reposeful, stabilizing effect on the 
nervous system. If used in excess it 
increases nervous excitability. Smok- 
ing also obscures the sensation of 
fatigue and stimulates imagination. 

Alcohol. All peoples have observed 
that sweet juices ferment when 
allowed to stand long enough. Yeast 
moulds from the air fail into the 
fluid and decompose the sugar in it 
to carbonic acid and alcohol. Alco- 


hol is also produced when bread is 
baked, but it evaporates with the 
heat. The eff'ects of alcohol were re- 
cognized everywhere at a very early 
period, and most races brew alco- 
holic beverages. Knowledge of alco- 
hol, the esteem with which it is re- 
garded, and the existence of an in- 
tense desire for alcoholic beverages 
are extremely ancient and are found 
over the entire globe. After the 
Flood, the first act of Noah, who has 
been saved, is to repair his vineyard, 
and his joy at the cessation of the rain 
leads him to drink to excess. Ancient 
Egyptian papyri already contain 
wine songs : “ Give me eighteen cups 
of wine. My insides are as dry as 
straws” 

Alcohol in the Blood. There is 
no life without alcohol, since the 
carbohydrates starch and sugar form 
alcohol when decomposed. As a re- 
sult alcohol enters the blood stream 
after every meal. Perhaps the feel- 
ing of lassitude after a meal is in part 
due to this fact. All together approxi- 
mately one gramme of alcohol circu- 
lates in our body fluids. After the 
ingestion of alcohol this quantity is 
increased. It is possible to determine 
this quantity by analysis of the blood, 
and thus to establish whether an in- 
dividual was intoxicated, for ex- 
ample, at the time of an automobile 
accident. 

Seasoned Drinkers 

When the body is habituated to 
alcohol, it is able to dispose of it 
more rapidly. It is because of this 
fact that one who is accustomed to 
alcohol is able to stand larger quan- 
tities. In the course of years, how- 
ever, the capacity of the body to meta- 
bolize alcohol decreases. It is not 
uncommon for ageing drinkers to 
say: “I can’t drink as much as I 



ALCOHOL AND THE NERVES 

used to drink when I was you.,ger;” stimulation is a forn 
Alcohol— a ^n)cotlc. Alcohol is duced by slow in<-e 
a narcotic like ether and chloroform, so that the stage of • 
but much weaker A narcotic is a reached. In oKler i 
substance which has a special rela- “ stimulant ” state 
tion to the fats of the ner/ous system, without pLudno 'i 
penetrating rapidly into the nerve alcohol is not taken i 
ceils and exercising a paralysing in- form like ether or , 
fluence on them. However, before ratlier in weak soluti 
a naicotic paralyses, it stimulates the proximate alcoholic 
nerve cells, creating in them a state per cent, 
of excitation. If one attempts to an- The Effects of Alee 
ssthetize an individual by means of mal species and ev, 
ether without the proper prepara- group reacts differei 
tion, the subject first loses conscious- The results of expei 
ness, but several moments later be- bits or white mice ar 
comes excited, loses self-control, and for an understanding 
indulges in incoherent talking and alcohol on men. Simi 
violent actions. As more of the nar- experiments on hum 
cotic IS adnainistered, this state dis- only a limited value, 
appears and the anaesthetic stage other alcoholic beven 
supervenes. Alcohol is not suitable tended to be consume 
for anaesthetic purposes because it is tory and produce som 
too weak and conseouentlv takps fnn . 
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is diflerent from its effect upon some- 
one who normally abstains from 
alcoiiol. 

77 /e EjU'ct of Alcohol on the 
M neons iMeinhranes, llie first effect 
of alcohol when ingested is to exert 
a strong stimulus on the mucous 
membranes of the mouth and the 
pharuix. This stimulus excites a 
\ igorous secretion of the salivary and 
gastric glands. For this reason spicy 
^vines with a considerable alcoholic 
content (15 to 30 per cent) are used 
as aperitifs to stimulate appetite. 
Iw^r the same reason one drinks cog- 
nac at the end of an especially rich 
or fat meal. In the stomach it dilates 
the vessels and produces a pleasant 
feeling of warmth. These normal 
conditions hold true for a moderate 
use of alcohol. In chronic alcoholics, 
however, the gastric mucous mem- 
brane is corroded ’’ and gastric 
secretion is diminished. 

The Absorption of Alcohol. Warm 
alcohol solutions are rapidly ab- 
sorbed. It is due to this circumstance 
that punch and mulled wine act so 
rapidly and vigorously, since in these 
cases the blood is suddenly flooded 
with large quantities of alcohol. Of 
the cool alcoholic beverages, red wine 
is absorbed most slowly, because its 
tannic acid prevents absorption. 

Champagne and Sugar 

Sugar favours absorption. For 
this reason liqueurs are especially 
“ dangerous,” Carbon dioxide like- 
wise aids absorption. Champagne 
contains both sugar and carbon 
dioxide, and consequently no alco- 
holic beverage acts so rapidly and 
exerts such a stimulating effect. Be- 
cause of this fact champagne is served 
when it is desired to have alcohol act 
rapidly and vigorously. It is served 
on happy occasions to heighten the 


joyous mood: at the sick-bed it is 
ideal as a circulatory stimulant. 

The Effect of Alcohol on (he Mus^ 
culaturc. Only a certain percentage 
of the fuels of the niiiscie can be 
transformed into work-energy. This 
percentage rises after the ingestion 
of alcohol. Thus it is possible to 
“ dope ” human beings with alcohol 
in order to achieve superhuman ” 
performances. In general, however, 
athletes do not employ this method, 
for the short period of stimulation is 
followed by a secondary period of 
fatigue which is even greater. 

Alcohol and Athletics 

Yet much depends on the mode of 
life of the individual. In 1896, when 
the Olympic games were once again 
held after an interval of ^^,386 years, 
the first marathon, a gruelling race 
that lasted three hours, was won by 
a Greek peasant named Spyros. His 
rivals ran without stopping. Yet he 
paused occasionally in the course of 
the race — to drink some sweet wine. 
He then overtook the others and was 
the first to finish the race. Unlike 
his rivals he was not a physical-train- 
ing teacher or engineer in private 
life, but a wine-grower: and for a 
wine-grower there are other rules re- 
garding the use of alcohol in athletic 
competitions than for those who 
abstain from alcohol. 

The Effects of Alcohol on the 
Brain. The first psychic effect of 
alcohol is a feeling of stimulation. 
There is an increased vivacity of 
action and speech, llie skin is red- 
dened, the blood-pressure rises, and 
there is an increase in the rate of 
the heart and of respiration. Accom- 
panying these phenomena is a com- 
fortable sensation of warmth. 

Investigation has shown, however, 
that alcohol really exerts a depres- 



INHIBITIONS 


It starts with the elements of tlie 
nervous system, known as llie in- 
iiibitory fibres. I’he iirhibilorv fibres 
ate lesistaiices that brake and regu- 
late the stimuli in the nervous svs- 
tem, . For the most part they are de- 
veloped in the course of an in- 
dividual’s life as a result of educa- 
tioiwand trainint*'. 1 he possession 
of inhil>it()ry fibres dillerentiates a 
trained from an untrained in- 
dividual, a disciplined adult from an 
undisciplined child, a scrupulous 


sny^ eneci on ttie brain, certain 
higher 1 unctions — reflection, obser- 
xatioii, and attention — being par- 
ticularly aflected. 7 he phenomena 
and actions that simulate a state of 
stimulation do not depend on a 
direct stimulation of the nerve 
centres, but are an indirect result of 
reflex stimulations and paralysis of 
the higher function, with a resultant 
loss of the power to control moods. 

The Relaxation of Inhibitions, 
Excitation is followed by paralysis. 
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person from someone who does not 
restrain his impulses and passions. 

Under the influence of alcohol 
liiese controls are relaxed and the 
individual is no longer as critical of 
the world around him. His judg- 
ment is no longer so clear, and he 
is ready to believe things that would 
startle him if his mind were clear. 
He becomes confiding, affable, talka- 
tive, and quite ready to bridge the 
social gaps that separate one person 
from another. He makes friends and 
becomes very “ intimate ” with his 
environment. 

Wine and Good Fellowship 

Since ancient times and among all 
peoples wine has been used for this 
very reason to dissipate feelings of 
reserve among strangers and to create 
an atmosphere of fellowship. Any- 
one who tries to corrupt or debauch 
another generally tries to ply the 
victim with liquor— if possible, 
in the form of concentrated liqueurs 
or cognacs, which contain 40 to 60 
per cent alcohol. For this reason 
shady deals are so frequently closed 
overdrinks. 

Prohibited and Permitted. When 
is the use of alcoholic beverages per- 
missible, and when is alcohol to be 
avoided? Since alcohol confuses an 
individuaFs judgment, favours the 
appearance of mental delusions and 
hallucinations, and paralyses the in- 
hibitory mechanisms of the nervous 
system, it has an adverse effect in all 
situations where clarity of thought, 
good judgment, and precise execu- 
tion are required. Hence, for a 
locomotive engineer driving an ex- 
press train, alcohol is a dangerous 
poison. An after-dinner speaker who 
offers a toast may drink with advan- 
tage; but a person making an 
attempt to drive a motor-car while 



Fig. 238. The action of nicotine is largely 
due to stimulation of the adrenal glands. 
The secretion of these glands raises the 
blood-pressure, increases the activity of 
the heart, contracts the blood vessels and 
inhibits normal intestinal movements. 

intoxicated is a criminal, guilty of a 
crime against the occupants of the 
car as well as passing pedestrians. 

Is Alcohol Harmf ul f On the basis 
of centuries of experience it appears 
quite probable that a moderate 
amount of alcohol may be taken daily 
as part of a mixed diet without any 
injurious effect. In this connection 
it is interesting to recall that the 
cradle of Western civilization is the 
Mediterranean basin, where the con- 
sumption of wine has been extremely 
large for millennia. Yet nowhere on 
the globe has so much been accom- 
plished for human culture as in the 
Mediterranean area, where Moses, 
Christ, Plato, Phidias, Dante, Mich- 
elangelo, Columbus, and Galileo 
lived and laboured for humanity. 


CHAPTER XXX 


Body Temperature 

OF THE BLOOD. FEVER TEMPER/VTURE 

™ co.„ H- 


/^WING to the oxidation pro- 
cesses occurring within his 

ody, man may be regarded as a 
wa king furnace. He dissipates 
2,500 calories daily, a quantity suffi- 
quarts of water to 
the boihng-point. A small ill-venti- 
lated room containing three people 
becomes warm, as if there were a hot 
sto\e in it. Halls become so warm 
when large audiences are collected 
in them that people perspire. 

Heat Distortion 

When a, person approaches the 
concave mirror of an astronomical 
telescope, the stellar picture becomes 
distorted owing to the heat radiated 
by the body. The body maintains 
an average temperature of 98.6° 
Fahrenheit for decades, unaffected 
by any external influences. The 
maintenance of this equilibrium is 
called the temperature regulation of 
the body. 

The Temperature Centre. The 
legulation of the body temperature 
is performed by a cen tre in the brain 
known as the tcmpeiature centre. 
Actually, it consists of three centres: 
a control centre which regulates the 
temperature of the blood, and two 
subordinate centres, of which one 
raises the temperature of the blood 
when it drops, while the other cools 


the blood Tvhen its temperature is 
too high. 

The Heating Centre. If the tem- 
perature of the blood drops, the 
heating centre fans the flame of the 
vital processes by stimulating the 
sympathetic nervous system. The 
endocrine glands secrete oxidative 
enzymes, the oxidation in the 
muscles and the liver increases and 
the internal temperature rises. The 
blood vessels of the skin contract, so 
that less heat is lost by radiation, the 
s 111 giancls sccrctG a. fatty materia], 
and the hairs of the skin become 
erect so that a resting layer of air 
surrounds the body as an isolatino- 
coat [Fig. 87]. 

Shivering. If the temperature 
drops too low, the muscles are 
activated, and the individual shivers. 
Shivering is an automatic activity of 
skeletal muscle, initiated by the 
heating centre of the brain in order 
to produce heat. 

Evaporation 

The Cooling Centre. If the tem- 
perature of the blood rises, the cool- 
ing centre depresses the oxidative 
processes— chiefly by means of vagus 
stimulation— dilates the vessels ' of 
the skin in order to eliminate the 
excess heat of the body by radiation 
and facilitates the evaporation j( 
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|>es spiral ion. When a fiuid evapor- 
ates and passes into a gaseous state 
ii deprives its cnvironnient of heat, 
it is cold in the neighbourhood of 
waterfalls, because the dispersed 
\vater droplets evaporate and pro- 
duce cold. Similarly, we feel cold 
dier a bath, because the water which 
remains in contact with the warm 
skin evaporates rapidly. The body 
is constantly eliminating Water 
tlirougii the lungs and skin. When 
we l.)econie‘ warm we breathe more 
rapidly. Animals that do not per- 
spire. such as the dog and the cat, 
extend their tongues when they are 
hot, and respire rapidly until they 
have cooled oH. In addition, man 
is also able to perspire. 

Cleansing from Within 
/Vi’.s/;/r.7//Vnc The sweat which 
emerges from the pores of the skin 
is a private shower which the cool- 
ing centre of the brain activates 
autoinaticalh' when the temperature 
of the blood rises. Prol'use perspira- 
tioti is a shower which washes the 
body from within and not froni 
without. It is more elective than a 
h:uhroom shower because the fluiti 
does not How out of fifty lat'ge open- 
ings, but rather out of millions of 
tiny openings in microscopic drops 
that evaporate rapidly. Profuse per- 
spiration is an energetic and rapid 
method of cooling. A feverish in- 
dividual feels greatly relieved after 
[)crspiring, while an athlete fears 
[U'ofuse perspiration and wraps him- 
self in woollen robes in order to 
avoid the danger of rapid cooling. 
Most antipyretics — remedies to re- 
duce fever — act by stimulating the 
centre in the brain which controls 
perspiration. On humid, sultry 
days we stiller twice as much under 
the heat because the evaporation of 



Fig. 239. The temperature of the blood 
varies at different points in the circulation. 
It is highest in the internal organs, such as 
the liver, and lowest at the surface, for 
example, in the fingers. The temperature in 
the armpit is 97° F., in the rectum 98.6° F. 

water is diminished, while a warm 
dry wind gives us a pleasant sensa- 
tion because it facilitates the 
evaporation of perspiration. The 
use of fans and the creation of cross- 
ventilation are measui'es employed 
to cool the body by means of 
evaporation. 

The Temperature of the Blood. 
The temperature of tlie blood in the 
heart is Fahrenheit; in the 

liver and oilier visceral organs it 
rises to while in such organs 

as the lungs, which arc in communi- 
cation with the external environ- 
ment, the temperature drops to 97 A 


temperature:- charts 


'llic IcaipeniUirc oC the projecting, 
‘'parts of the body may be as low as 
68 ' Fahrcr.hcii and c\en lower, de- 
peudina: on the outer lempei'ature 

k-k . 

1 he Measuytiiunii of the Body 
Temperature. The leinperature o£ 
the body is usually taken by placing 
a iheriiiometcr in the mouth, rec- 
tum, or axilla for several minutes, 
in the cases of children, persons who 
arc seriously ill, and malingerers, the 
rectal temperature is taken. 

Varying Body Heat 

Monti ug and Evening Ternpera- 
ture. The body temperature of man 
exhibits variations of several tenths 
of a degree depending on the time 
of day at which the temperature is 
measured. The lowest temperature 
is obtained about four or five o’clock 


in the morning, 


and the highest 


about six or seven in the evening. 
These diurnal changes in tempera- 
ture are probably due to the changes 
in the movement and tension of the 
muscles during the waking hours, 
since they are associated with 
parallel changes in the rate of meta- 
bolism. 

When Should the Temperature 
Be Taken 7 The temperature should 
not be measured oflener than twice 
a day, except in extraordinary cases 
when it is taken as often as ordered 
by the attending physician. While 
taking the temperature the patient 
must'bc at rest, both physically and 

rfT'nAA \ \ :\ \ A \ 1 1 1 TTTmTrrnrTTT^ 


mentally. Although ilic iem|)craturc 
of the healthy body can be influ- 
enced only ^rith difficulty, in sick 
■ persons and convalesceiiis minor ex- 
citing'- causes are quite sidficicnt to 
raise the temperature considerably. 
Every hospital staff knows that on 
visiting days the temperatures are 
higher than usulL Hot compresses 
raise the lemperatuve, while cold ap- 
plications lower it, and they must 
consequently be stopped an hour be- 
fore taking the temperature. The 
ingestion of food raises the tempera- 
ture even in healthy people, so that 
the temperature should not be taken 
at meal-times. 

The T e m pera t ure C u rve . If one 
wishes to observe an individuars 
temperature for several days, it is 
expedient to chart the temperature 
I'eadings in tlie form of a curve. This 
is so simple that anyone can learn 
to do so without any trouble, and so 
useful that everyone should learn 
how to do it. Printed temperature 
sheets may be obtained at the 
chemist’s. The temperature is taken 
twice a day: in tlxc morning after 
the patient awakes, and towards 
evening between five and six o’clock 

Plotting the Curve 

The readings are plotted on 
the ruled chart by means of dots, 
the morning temperature being en- 
tered at the beginning of the daily 
space and the evening reading at its 
close. The dots are connected by 



Fig. 240. Temperature charts are maps of the course of an illness. (Left) The curve 
characteristic of typhoid; (Right) the curve typical of pneumonia. 
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Fig. 241. Sunstroke is caused by overheating of the brain, when the head is exposed to 
the strong rays of the sun. It can be avoided by shielding the head with a hat or parasol 


lines, thus forming the temperature 
curve. 

Fever, Many, but by no means 
all, diseases are accompanied by an 
increase of temperature, which we 
call fever. Fever is .such a regular 
concomitant symptom of many dis- 
eases that the temperature is meas- 
ured as soon as one suspects illness. 
If fever is present, one is certain that 
some kind of pathological process 
is present in the body. If no fever 
is present, one can with some pro- 
bability exclude a number of 
diseases. Not only the presence of 
fever itself, but the course which it 
takes is characteristic in certain dis- 
eases. Any expert will state with- 
out hesitation that the patient whose 
curve is shown in Figure ^>40 (Left) 
has typhoid fever, while that on the 
right is typical of lobar pneumonia. 


The action on the human body of 
various medicaments is also reflected 
in the temperature curve. The sig- 
nificance of the temperature curve 
for the physician is similar to that 
of a weather map for the meteorolo- 
gist. 

Fever — a Therapeutic Reactioyi. 
We do not know what fever is. 
Despite numerous investigations 
and controversies the fever problem 
is not yet completely solved. Fever 
is probably what a physician of an- 
tiquity,- Rufus of Ephesus, stated it 
to be, namely, a useful reaction of 
the body “ which should not be com- 
bated. On the contrary it is such a 
useful therapeutic means that one 
might only wish that it could be 
produced artificially.” Fever acceler- 
ates the vital processes. All the 
organs work vigorously. More hor- 
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mones, enzymes, blood cells, and 
wander cells are produced; the hor- 
mones and , enzymes act more vigor- ' 
ously, and, the wandering leucocytes 
ingest and digest harmtul organisms 
better The circulation of the blood, 
respiration, and transpiration are all 
accelerated, thus facilitating the re- 
moval of waste products and poisons 
from the tissues. 

Expensive Remedy 

Yet the body must pay a high price 
for any advantages resulting from 
the presence of fever. A temperature 
rise of rouglily one degree pro- 
duces a ten per cent increase in the 
protein metabolism of the body! 
Fever is an expensive therapeutic 
measure. 

Sunstroke. In addition to fever 
due to infectious disease, there are 
two other pathological conditions in 
which the temperature is raised: 
namely, sunstroke and heatstroke. 
Sunstroke is caused by excessive ex- 
posure of the head to the sun’s rays, 
and is due to heat congestion in the 
brain [Fig. 241]. It has an ancient 
history, the case of the son of the 
Shunammite woman (II Kings iv) 
being perhaps the oldest on record. 

The brain becomes overheated, 
the cerebral arteries ^liiate, cerebral 
pressure rises, and nervous disturb- 
ances appear. Death can occur with 
extreme rapidity due to paralysis of 
the essential vital centres controlling 
respiration, cardiac activity, and 
vascular tension. 

How Can Sunstroke be Prevented f 
The danger of sunstroke can be 
countered by avoiding any overheat- 
ing of the head. The best protection 
is a iight-coloured straw hat, because 
it is iight and porous, and, owing 
to its light colour, reflects the sun’s 
rays. It need not be worn constantly. 


but can be removed at iniciA'als. In 
deed, it is even expet! ieni to do so 
occasionally so that the warm per- 
spiring head can cool off l)v ineans 
of evaporation. Tiiere is but little 
danger of sunstroke one mo\'es 

about freely in the open — for ex- 
ample, in athletics — or, on tlie other 
hand, when the air passes rapidly 
over one’s. head — for example, at the' 
seashore or riding in an automohiie 
with the roof left open. Much 
more serious is the slow but increas- 
ing heating of the uncovered head, 
such as may occur at an outdoor 
meeting on a hot day or while 
watching a parade or some athletic 
event. 

Heatstroke. Heatstroke is due to 
an excessive accumulation of heat 
within the body. It commonly occurs 
in individuals who are too heavily 
clad when the external temperature 
is very high, and who must exert 
themselves strenuously for many 
liours witlxout a chance to rest and 
cool off. Soldiers and other people 
who must march heavily burdened 
for hours in close fonuation are par- 
ticularly prone to heatstroke. 

Dangerous Temperatures 

Sudden attacks of heatstroke are 
also quite common among workers 
on tropical plantations, as well as 
among stokers in the boiler rooi|is of 
steamships, and miners in very deep 
mines such as the gold mines of 
South Africa. (These last two groups 
of workers are also exposed to an- 
other pathological condition pro- 
duced by exposure to excessive heat, 
known as heat cramps.) Whenever 
the body becomes overheated and 
the heat cannot be adequately dissi- 
pated, it remains within the body 
and raises its temperature to patho- 
logically high levels, such as 104°, 
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110 °, and even 116 ° Fahrenheit in 
the axilla, corresponding to a blood 
temperature of almost 

The 1) angers of Heatstroke. Fleat- 
stroke is a condition that may be 
fatal The affected individual com- 
plains of headache, nausea, spots in 
front of his eyes; he then becomes 
pale, cold sweat pours down his face, 
he collapses and gasps for air. in 
mone than half the cases if the tem- 
perature rises beyond 106 ° Fahren- 
heit, death results. Gases with 
temperatures of 110 ° are extremely 
serious and almost hopeless, yet iso- 
lated cases of recovery have been ob- 
served even after temperatures of 
113 °. 

The Treatment of Heatstroke. An 
individual who has a heatstroke 
must be treated with the, greatest 
care. Under no circumstances should 
he be permitted to walk even a short 


distance, but he must be made io lie 
down inimcdiatciy. 1 1 is < lot lies 

should be unbuttoned and udd 
compresses phu ecl cm I lie head: 
stimulants should be gi\en heeh to 
combat cardiovascular and 

every cllort made to reduct^ tin* tern 
perature. X'enesei 1 ioji ma^ i>r usv 
ful for this purpose, also (old 
enemas, and icepacks. Rest is ewas 
tial, and as lav as pos.sible an\ imn 
ing of the patient, even on a ^^re^( hei 
or in an autoinof>i!e, should be 
avoided. It is not unusual hu per- 
sons who have survived an atiatk (jI 
heatstroke to die siufdeidv several 
hours later because of the strain im 
posed on the cardiovasc ular svstian 
by the exertions resulting ' iunn 
transportat ion. 

The Prevention of Healslroke, On 
hot, sultry, humid davs all stjcmtifms 
athletic activities, lony hike's 


Fici. 242. When the ieei henma* 
ee/d the hhnni vesseis in variims 
parts of the Imdv eoiunwh ereci/iVitf ■ 
distitrhanccs oj the cin nknivn. the 
which any sinh disitiriHince 
may take depemls (W huai 
thns. Tims there mar he iaund iw the 

1. knee-joint: joim pains: 

2 . sciatic nerve: sciaiica: 

3. urinary bladder : i ‘vst his ; 

4. intestine: intestinal catarrh: 

5. kidney: nephritis: 

6. gall-bladder: cholecystitis : 

7. liver: hepatitis; 

8. lungs: bronchitis; 

9. muscles: rheumatism: 

10. larynx: laryngitis; 

11. tonsils: tonsillitis; 

12. nose: cold; 

13. ear: otitis; 

14. eye: conjunctivitis; 

15. nerves of the head: neuruHia. 
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inoiiiilaiii ascents shoiiki be avokled. 
On such days the ciotiiing should 
not be closely buttoned, nor should 
the knapsack which the hiker or 
dins her carries be too heavy. Young 
uni rained participants in such 
aclivities are particularly endan- 
gered; for this reason any predeter- 
ini neti programme should be 
changed and made less . strenuous. 
Ad<‘(|iiale rest intervals should be in- 
duded, coo! heverages should be 
dsnnk ofien, and moist doths or 
handkes'chiefs lied around the heads 
of the j)arti(:i pants. 

Wartiing Sypiptoras 

Indications of heatstroke are: a 
led ing of heaviness in the legs, fre- 
<|uenl yawning, lieadache, dizziness, 
noises in the ears, coloured lights 
and streaks before the eyes, and 
nausea. If one notices these signs 
in oneself or in other persons, im- 
mediate steps should be taken to 
pietciu an atuick of: heatstroke 
befoie it is too late. 

(lolds. Fever, sunstroke, and 
heal stroke are pathologi('al condi- 
titms in which ihe l)ody is over- 
liea ted: a cold is a condition in 
winch lire l>ody is patlioiogicaliy 
cooled. If a pari of the body be- 
comes cold, and tins cociling is over- 
c(fmc In’ means of the heat-regulat- 
ing mechanisms of liic body, then 
the !)od\ has onlv been cooled. If 
this comiition results in pathologi- 
cal coinecjneiKes, the individual lias 
caught a cold. 

hi Figure has beer! shown the 
Upical process by whicli an indi- 
vidual catclies cold. Owing to the 
cooling of the feet, the concha: of 
ilu' tHJse ( on! rat I aiid I lie virus 
is present in the nose sup- 
plants the bacieria normally present 
I here, lliis example is fundamen- 


tal for all colds. The coiisequences 
arising from' a Tooling of the body ' 
do not ■ generally niake dieinselves 
evident in the cooled part itself, but 
rather in some distant part of the 
body. If the soles of the feet become 
cold, the vessels at any one or all of 
the points from (i) to (15) indicated 
in Figure ^^ 4 . 2 ^ may contract. If the 
vascular spasm persists so that the 
nutrition of the particular organ Is 
disturbed, a pathological condition 
is produced which we describe by 
saying that the individiiai has caught 
a cold in the particular part. 

The blood vessels of the organs 
never contract simuitaneously. In 
one person one group of blood ves- 
sels becomes spasticaily contracted, 
while in another a different group of 
vessels is thus affected; in one per- 
son this spasm lasts a few seconds 
while in a different individual it 
may take hours before the vessels 
relax; in some cases the bladder is 
most sensitive, while in others the 
nerves are most easily affected. Each 
person has a “ disposition ” for cer- 
tain types of “ colds.” 

Treatment and Prevention 

Hot and Gold Appikal ions. The^ 
blood supply of the organs can be 
influenced to a greater or lesser de- 
gree from various parts of the body, 
just as by way of the soles of tiie 
feet. If a hoi application is placed 
on the abdomen, the vessels of the 
kidneys will dilate and perform 
their function as filters twice as 
rapidly; if an icebag is used, the 
vessels will con tract and urinary 
ffUratioii will l)e decreased [Fig. 
244]. In a similar manner the blood- 
supply of the gall-lffadder, the ap- 
pendix, or an inliamcd lootii is in- 
creased or decreased. If one grants 
■to. .■■Iiasten ■ an- inflammatory process, 
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hot applications are employed: cold 
applicaiions are used when it is 
desired to suppress such -.a process. 
It is by no iiieans easy to decide 
what would be better in a given case, 
and it is part, of the art of medicine 
to know when to apply heat or cold, 
and when to change from one to tlie 
Other. , 

■■Mow Can I Protect hlyself 
Colds ? Cold as such is not danger- 
ous, but the cooling off of any part 
of the body is to be avoided, llie 
actual degree of cold is less import- 
ant than the temperature drop when 
the body is exposed. It is due to 
this that one catches a cold more 
easily while riding in a heated auto- 
mobile or railway compartment 
where there is a cold draught than 
while travelling in an open car or a 
cold compartment. It is not so bad 
to work in a room which is only 
moderately warmed as to work in 
a room where one side of the body 
is kept warmer than the other. One 
should keep this in mind when 
selecting a place for one’s desk or 
work-bench. 

Women’s Clothing 

In addition to the cooling of the 
body a large number of other factors 
play a large role in the causation of 
colds; for example, climatic influ- 
ences, bacteria, and viruses. The 
layman uses the word “ cold ” as if it 
were a simple matter, but for the 
scientist it brings to mind an entire 
series of problems that are still un- 
solved and will probably remain so 
for many years to come. 

Modern women’s clothing has de- 
monstrated, surprisingly enough, 
that the body needs much less pro- 
tection against cold than was 
formerly assumed. The modern 
woman has not succumbed to such 


proplicsii'd iiialadi(*s as colds, 

rheumafism, guuE kidiir\ iiifliiiii' 
matiuiLH, or i’vcn iiilH'HuIcnls ai? a 
result ol h(‘r i liangt' to ligluta cloth- 
ing. She has not lK*«oine chhu'otic 
nor does she suffer aii\‘ more than 
the wotiuai of eaiHer gciHoaliotts 
from gyna'cological iroufdes. On 
the coinrar\, ific* lesnli has been a 
generation of lieahliv, capable 
women. 

'Light Garments or Dark? 

77 /c Pundion of CPPliin^, 'The 
function (fl’dotiiing is to pro\ide ihe 
body with a private dimale which 
will be more or less independent ol 
the outer environment, in addition 
to this fundamental function, 
clothes must also fulfil a number cd 
other requirements with respect to 
beauty, weight, porosity, protection 
against cold, etc. 

A material appears light to us if 
it reflects rays of light tliat im]>inge 
upon it. It appears dark when it 
absorbs the rays. Underwear is gen- 
erally white because it reflects the 
heat radiated by the body, thus re- 
turning it to the bodv. ()ur outer 
clothes are made of light or dark 
materials depending on the season. 
The light summer materials rdlect 
the heat; the dark winter materials 
absorb it and conduct it to the IxkIv, 
so that the temperature of the diim 
ate in which Yve live underneath our 
clothes is raised. Wlien the ray.s 
of the sun shine on it, a dark 
material ^tets like a hot application. 
Bathing-suits of dark mateiials arc* 
preferred becau.se the wet hodv does 
not feel so cold under the dark 
colour. The light materials u.sed foi 
women’s clothes reflect heat. 

Clothes to Com bat Moist are. In 
Figure 243 (a), (h), and (c) we seo 
an actor in three situations which 



Fig. 243 . What is the ideal tnaterial for clothing? Metal? Rubber? Neither of these 
materials is poroii% and so both are unsuitable for clothing. The actor in the suit of 
metal armour (a) perspires as if he were enclosed in a tin can. Not only does the rubber 
raincoat (b) keep the water out, but it also prevents the evaporation of moisture given 
off through the pores of the skin and creates an atmosphere around the body like that of 
a Turkish bath. But wool (c) is an ideal clothing material. Drops of perspiration are 
absorbed and retained by the wool fibres, so that they evaporate slowly, preventing a rapid 
loss of heat. Moreover, bubbles of air (shown, magnified, in circle), imprisoned among 
the fibres, isolate the body. The upper numbers, 80 %~-N0%, indicate the humidity of 
the various layers of air, the remaining numbers their corresponding temperature. 
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Fig. 244. A warm compress (a) dilates the blood vessels, relaxes spasms, it ureases 
glandular activity and hastens inflammation, A cold compress ( b) has the opposite effect 
— it contracts the vessels, slows down the circulation, and restricts the activity of the 
glands. Above is shown the effect of hot and cold applications on the kidney Jilters. 


clothing. It is used to keep the bo<h 
protected against the flow of walei. 
But wliile it prevents any lauside 
water from coining into contai l uith 
the body, it also hinders am niots 
ture arising underneaili the (oai 
from passing into the i)uter emiron- 
ment. As a result a pt^rson uaauing 
a rulibcr coat for ain length of time 
begins to fcci as hoi and wet as if 
he w^ere sitting in a I'mkisli fialh. 

After another ten ininuies the 
actor comes liome a), l iunik good 
ness! He has left his suit of amuHn 


arise in rapid succession, in (a) he 
emerges from a suit of armour in 
which he has played a classic role. 
He is naturally perspiring profusely, 
for the metal has shut off his body 
almost hermetically from the outer 
environment. As a result heat and 
moisture have collected within the 
suit of armour, almost as if he had 
been placed in a tin can. Ten min- 
utes later we see him on his way 
home (b). It is raining and he is 
wearing a rubber raincoat. Rub- 
ber is likewise a poor material for 
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behind iiiin; nnw he hangs up his' 
rubber raincoai, and sits in his room 
wearing a woollen pullover. Wool 
is an idea! inaCeriarfor clothing,, be- 
cause a wof>l fif)rc is able to absorb 
a greal deal of water. If it is wet 
oiilsidc, it keeps this external mois- 
tui'c away i’r uiu the body. It is be- 
cause of this fact that woollen cloth- 
ing is worn for winter sports, par- 
ticularly those that take place on ice 
or snow. At the same time the wool 
libre also absorbs the moisture pro- 
du(:e<l l)y the body. This explains 
wfiy wool is also w^orn for summer 
s|)orts, and why athletes clothe 
thcmseh’cs in heavy woollen gar- 
meius immediately after participat- 
ing in some strenuous event. They 
do this in oixier not to catch cold, 
tind not because wool warms. After 
a game of tennis or footbtdi we do 
not tvant to^ warm, up, but rather to 
co(,)i off. We clioose wool because 
in contrast to linen it absorbs per- 
spiration and retains il, thus pre- 
venting, as a result of rapid evapora- 
(ion, ilie production of an unpleas- 
ant and <iangerous layer of cold air 
<w er I lie skin. 

Air Bubbles 

77/c Seact of SuUahle Clo/lung— 
Jir! The secret of a good material 
for clothing is its air content. - Wool 
is sucli an ideal material not only 
because its fibres absorb and retain 
moisture, but because the wool 
fil)res. are |,)cculiaiiy twisted and 
kinked, and \cry “ stuf:>!)<)rn.” They 


do not lie close together, but remain 
separated 'by ■ air bubbles, which they : 
keep firmly between the rough fibres. 
A pei'son dressed in wool walks 
about with a more or less permaii- 
ent layer of air, a sort of private at- 
mosphere. 

Ideal Material 

In Figure ^^43 (c) are repre- 

sented the climatic relations in a 
woollen sweater. Moisture emerges' 
from the sweat glands (left) and 
passes into the fibres, where it is re- 
tained. The air bubbles among the 
fibres exhibit a moisture content of 
80 per cent near the skin; those 
somewhat farther removed have a 
content of 60 per cent, and the outer 
ones, from which the water evapor- 
ates, 40 per cent. Because of this 
slow drop in the moisture content 
of the air, the degree of cold pro- 
duced by evaporation is slight. The 
temperature falls in the same slow 
manner, since air is a poor heat con- 
ductor. The air bubbles near the 
skin have a temperature of 88° Fah- 
renheit, while in the outer layers it 
is 57°, so that the skin hardly feels 
the true temperature of the outer 
environment. Thus a woollen 
material fulfils the requirements of a 
clothing material almost ideally. 

By means of its absorptive power 
it regulates the passage of moisture 
from the skin to the outer world, 
and by means of the resting air 
bubbles it surrounds the body with 
a mild “oceanic’' climate of its owrn 



LEGACIES FROM MAN’S FAR-OFF ANCESTORS 
Fig. 245. The ductless glands are survivals of ancient organs. Thus, the par Ida 
eye (a) of the primitive amphibian has become the pineal gland. 'The ciliated groove 
(b) of early vertebrates has developed into the thyroid. The gill arches (c) of primordial 
fishes are the ancestral forms of the tonsils, parathyroids, and thymus. An anvicni 
visceral gland (d) of fishes has become the present island tissue of the pancreas. The 
interrenal body (e) of early fishes is represented by the adrenal glands, while ike 
mesonephros (f) has become a part of the sex organs in man. 
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Hormones 


INTERNAI. sex::rei^^ the endocrine glands., endocrine glands 

AND NERVOUS SYSTEM. HORMONES. THE PINEAL GLAND. THE 
THYMUS. I Hi: PARATHYROIDS. THE THYROID. IODINE. HYPER- 
THYROIDISM (graves’ disease). MYXCEDEMA. CRETINISM. THE 

ADRENAi.S. I HE PITUITARY GLAND. THE ANTERIOR LOBE THE 

CiROW'l H GLAND OF THE BODY. THE POSTERIOR LOBE. 


T he met a bo lie processes are 
regulated by substaiices secreted 
})y certain giands into the blood- 
strcani and cairied by the blood 
i}Ha.)ughout tlie body. These sub- 
stances in ay l>c looked upon as 
chciiiu li inesseiigers, and l:or this 
icison tiiey liave been called hoi- 
luoiics, lioin the Greek word horrnao, 
“ I ■ urge.'* A typical gland func- 
tions according to the following 
principle [Fig, ^{46 (a)]. It receives 
its supplies from the artery (A) and 
inanufaciiires the glandular secre- 
tions from the materials which it 
receives. I’hc products of the gland 
then How out tlirougli the excretory 
c!u( t, either into the gastro-intestinal 
canal in' «)n to the surface of the 
skin. Tile waste products are re- 
moved by way of the vein (V). 

liiteroal Secretion 

Cilands preaducing hormones have 
no excretoi'v ducts, and are there- 
fore known as ducliess glands or en- 
docrine organs (b). 'Eiieir cells also 
produce secretions, !>ut they are not 
<arrieil out of the gland by means of 
ducts. Instead tlicy pass into the 
venous blood and flow into the in- 
ter i<.)r of the hodv. For this reason 
the production of hormones has 


been designated internal secretion. 

An endocrine gland produces only 
small quantities of hormone at any 
particular time. It needs no large 
glandular chambers and duct spaces, 
so that they disappear in many hor- 
mone glands. As a result such 
glands consist only of masses of cells 
separated by narrow spaces (c). The 
islands of the pancreas are giands 
that previously had ducts but now 
consist of cell masses [Fig. 193 (3)]. 

Ancient Survivals 

The Endocrine Glands. Histori- 
cally internal secretion must be very 
old, since the hormone giands of 
modern organisms have developed 
from extremely ancient structures of 
the animal body. It is possible that 
these structures were no longer 
needed in their original form and 
were therefore adapted to the pro- 
duction of hormones. The human 
body has eight large endocrine 
glands [Fig. 245]. 

1. The pineal gland developed 
from a primitive dorsal eye which 
was present in primordial verte- 
brates (a), but which lost its original 
function many millions of years ago. 

*>. The pituitary gland (hypo- 
physis) developed from a duct which 
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led Ivoni tlte vool of ilte oral cavil v 

to the brain. 

9,. I'hc iliyroid ‘^buid 
an oprn jj^roove in lluv floor cd: tJie 
pharynx of primitixe aquatic verte- 
brates, such as the laucei fish, am- 
phioxus (b). in this aiiiiuai it is 
lined with mucous ceils and sup- 
plied with cilia which keep the iii- 
gested food particles imiving to- 
wards tite digesti\c tiihc. In higher 
animals it has i>cen traitsformed 
from a device for the mediani<'al 
manipulation of food into an endo' 
criiie gland producing a hormone. 


' p '! hi* anil 

fi. 'I'lie <!{*\e)n|Hil bom 

the gill pom lies (t | jtf, log. 

h. 'Hu.* niiiud iisMir oi the put 
iieas is a \e%figia! leniiiaiif of an oh! 
viscera! gland of fishes, uhicli has 
meiged with thv pitiiH’as Ulk 

7. I'lu? ndremh giaiids air d(ii\c*d 
in pail from the* iraiistoi iiieci iniei 
renal hodic-s ol hshes (<•). 

H. 1 he hiir^.siiihil Mils f^f tin* n(*\ 
glands are deri\ed from umiuanis id 
the primhire kidncNs that ha\c uan 
dered into the sex ghuuis (f). 

Like tile vitamins. Innniones aie 



I Fig, 246. Internal secretion. A typical gland (a) receives raw materials from the 
blood by way of the arterial system ( A) . From these materials it manufactures specialized 
substances and secretes them through a duct to the skin or mucous membrane. If the 
secretory duct is absent (b), the gland becomes a gland of internal secretion—that is to 
say, it secretes its products directly into the bloodstream in a vein (V). Since internal 
secretions, or hormones, are produced only in small amounts, the space within the gland 
disappears (c) and the gland becomes a solid cellular structure. 
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needed only in extremely small ' 
cjuaiitities. Consequently the endo-' 
trine can also be sniaii. ■ In 

rnaiiy f)arts , ol: tlie, body, cellular 
masses have been observed whose 
significance is as yet unknown. It 
is possible that tliese bodies are also 
endocrine glands whose function 
has not yet been elucidated. There 
are probably more hormones pro- 
duced in (he body (ban we know 
about at pi'cstaii. We know today 
liiat tlur liver ]>roduces several hor- 
monal substances, and the same is 
also trne of the gastric wall. 

/{ N(l ocr'nie d la luls a ud N ervous 
S)\\leNi, Anotiier reniarkal)Ie cir- 
cumstance is tlie fact that in tlie 
cxHirse of the history of the body 
various glands liave wandered about 
aiid attached tliemselves to other 
organs, in this manner interesting 
symbiotic arrangements, or com- 
munities of existence, have devel- 
oped between endocrine glands and 
othei organs. The island gland 
merged with the pancreas; the gland 
of the former dorsal eye wandered 
down into the brain and became the 
pineal gland; the glaiid in the roof 
of the oral cavity has travelled up- 
wards into the brain ami attached 
itself to the ialler as the pituitary. 
It has now become a mixed organ, 
one part cotisisting of this gland, 
arid aiujther part being derived 
from the nervous tissue of the brain. 

Glaatl Partners 

d'he adrenal giaiuls are also at- 
tached to the nervous system, and 
at present arc also mixed organs, de- 
rived in part from the abdominal 
svmpaihetic nerve apparatus. The 
gland cells of the thymus have 
united with hmphoid tissue, etc. 

Tha I utcrardo}! of the Endocrine 
Ghnuh. These glands of internal 


secreti on : are coii p 1 ed wi th each 
other so as to form fiinctional 
groups. One , of these functional 
systems consists of the triple alli- 
ance: pineal- thymus-sex gland. The 
first two are youth glands, and serve 
to develop the youthful body. The 
third one, on the other hand, the 
sex gland, is the gland of maturity. 

Plant Hormones 

During years of childiK)od the 
pineal and the thymus are believed 
to be active. After the tenth year 
these two glands begin to involute; 
at the same time the sex giand be- 
comes active and produces sexual 
maturity or puberty. Similar func- 
tional relations also exist between 
other endocrine glands. The thyroid, 
pituitary, and adrenal glands are all 
connected with the sex gland. The 
pituitary is the “starter’’ for the 
motor of the sex gland. It dispatches 
hormones that bring about matura- 
tion of the sex giand. 

Hormones, Hormones and pre- 
hormones are widespread in nature. 
Plant blossoms contain the same 
“ maternity hormone” as the female 
ovary. Similarly, digitalis, the well- 
knowm heart poison and heart 
remedy which is obtained from the 
foxglove, is closely related chemi- 
eally to the hormones of the ovary. 
The iodine-containing hormone of 
the thyroid is likewise present in 
alg2e in a preliminary form. This 
close relationship explains the in- 
teresting fact that ovarian liormone 
influences sexual development not: 
only in human beings , and animals 
but also in plants [Fig. 250]. 

Hormones, like vitamins, act in 
unimaginably minute quantities. By 
means of i ts h or n ion e the adrenal 
■ giand affects ail , tfie , organ,s , in , the 
body. . 'Yet ' in '■an. entire . year .the. 
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Fig. 247. ^ drawing of the internal structure oj the pineal gland, showing (greatly 
enlarged) some of the different types of cells of which it is composed. The function^ 
of the pineal gland are obscure. It is possible^ however, that the effect of its hormone 
is to restrain the activity of the sex gland; possibly, too, it is associated with growth. 


adrenal glands do not produce more 
than one gramme of hormone. Three 
spoonfuls are sufficient for an entire 
lifetime! If a castrated rooster that 
does not present even the slightest 
sexual characteristics is injected 
three times in the course of a week 
with gramme of sex hormone, 
the animal’s comb begins to grow 
and he commences to crow. Owing 
to the secretion of such minute 
quantities intp the blood, a boy be- 
comes a man, and a girl a woman. 


both physically and mentally. The 
youthful personality unfolds and de 
velops, turning the ciiild into an 
adult. 

The Pineal Glatid. \Vc do not 
know any til ing posit ivc regard i ng 
the function of the pineal gland. 
There is some evidence to suggest 
that it produces a hormone asso- 
ciated with sexual and skeletal de- 
velopment. The pineal gland ap- 
parently restrains the actioti of the 
sex gland. Pathological conditions 
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o£ the pineal body in boys, such and thence into the urine. ■. The cal- 
as tuinours, are accompanied by the cium ingested with the food , is first 
development (>l: virilism and hirsu- deposited in the bones and then de- 
tism, as wc^li as undue tallness. It is iivered to the blood as required.. If 
by no nieaiis certairi, however, that parathyroid hormone is lacking, the 
there is a direct causal relationship body becomes deficient in calcium. 
I)etweeii tlie two conditions in such Calcium inhibits the neuromuscular 
cases. ' irritability of the tissues. Inorgan- 

The T I lyniiis. A second youth isms deficient in calcium the muscles 
gland is the tliytnu.s, situated in begin to twitch, and spasms and con- 
from of 1 he trachea. The size of the viilsions appear. This condition is 
ihymus is its most striking and sig- known as tetany. Parathyroid ex- 
!iili< am feature. 'I'lie average weight tract (parathormone) is the best 
at birth is la, grammes; it increases remedy for the treatment of tetany 
gradually ttmil the gland weighs due to parathyroid deficiency, 
ab<,>iit y,r, grainnies at jjuberty. There- 
after there is a gradiiai involution The Iodine Organ 
and atrophy of the gland. This in- The Thyroid. Touch the front 
teresting course of development of your neck gently, without sqiieez- 
would seem to suggest some relation- ing too hard, and you will feel the 
ship to genital development. two soft pads, each about the size of 

In its structure the iliymus gland a walnut, in front of the harder car- 

consists |)arth of lympli cells and tilages. This is the thyroid gland, 

partly (if ejhthelial cells. At first the so called because it is situated just 

gland is entirely epithelial in char- in front of the thyroid cartilage. The 

aaer, being derived from one of the thyroid is the iodine organ of the 
gill clefts of the embryo. Later, body. 

however, in the course of embryonic Iodine in Nature. Iodine is ex- 
life, it is invaded by lynqih cells. The tensively distributed in nature [Fig. 
epithelium remains in the form of 251]. There must be millions of tons 
small si}herical corpuscles, in which of iodine in the earth. Iodine is 
the cells are arranged in layers like derived chiefly from the weathered 
those ol an onion [Fig. 249]. rocks of mountains (1) and is swept 

The Ihnatlix raids. Between the into the valleys by mountain streams 
tonsils and liie thvmus a pair of tiny (2). Therefore many mountainous 
giantls (le\e]ops fr()in the micldle gill regions are strikingly deficient in 
(left. Ahliougii they do not weigh iodine. Among civilized countries, 
e\ en one gKimme, they secrete an for example, Switzerland is one Of 
extremely impoiiant hormone, the poorest in iodine — perhaps be- 
cause the rapidly flowing mountain 
Cakliim Regulation streams remove the iodine too 

riiese bodies are called para- rapidly. Owing to the circumstance 
ihvroid glands because they are .situ- that most rivers eventually empty 
ated alongside the ihvroid. The into the ocean, iodine, like salt, has 
paraliivroids regulate the blood cal- collected there (3). Ocean water has 
cium level, determining the trans- a high iodine content. Some of the 
port of calcium from the bones into iodine passes into the atmosphere 
the blood stream and the tissues, (4). The plants and animals of tbe 
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o<-cati aia; in iodine, Tlie higliesi ; 
iodine content is |>resent- hi' the ■ 
ord i n a 1 y t )a 1 h s| x >nge (6) , and t he 
fish shai are richest in iodine are 
haddock and cod. The anmnon 
plaice and (he herring have a rela- 
tively low iodine content. God liver 
oil, wfiidi despite its nnpleasam 
taste must he considered a ^eritab}e 
treasure chest of the in<»st valuable 
substances, also contains a great deal 
of iodine. 

The Iodine Cycle 

Iodine is precipitated from tlie at- 
mosphere by rain, dew, and fog, so 
that after rain the air is free from 
iodine and the soil iias been en- 
riched (5). The (juaniities of iodine 
that pass into the soil with the rain 
are by no means small. It has been 
estimated that in Switzerland in the 
course of one year more than 40,000 
pounds of iodine are precipitated 
together with rain. The looser the 
surface soil, the more rapidly does 
the earth absorb the iodine and the 
more firmly is it retained. For this 
reason ploughed land is richer in 
iodine than uncultivated country, 
and disintegrated, crumbled rocks 
contain more iodine than tightly 
packed clay soil. Acids likewise at- 
tract iodine. It is because of this 
that the humus of rotting leaves, 
which is very acid, also has a high 
iodine content. Coal which has 
arisen from humus contains a great 
deal of iodine (7), so that the smoky 
air over industrial regions is rela- 
tively rich in iodine (8). 

Iodine in Foods. From the soil 
iodine passes into plants and thus 
into foods. Among the plants used 
for cooking, garlic has the highest 
iodine content (9). In southern coun- 
tries, where it has a less penetrating 
taste than in the north, it has been 


highiv praised and iMeeiiinl \lme 
aniieui times as a food and tiu.ia- 
peiuic ri'mecH. Cniibi tiajlains 
lour limes as muth iniline as the 
onion, which also has a liigfi iociinc 
cootenl, and live limes as iiiiidi as 
the radisli and tlw' feiiiorn l"iolit of 
width *alst» contain iodim , \inong 
our daily IuoiIh eggs, iiiilk, and biii 
ter eoiuain iodim^ ( h> ami i i ). 

iffditie in IIuHum \ he 

luHUan bod\ cuntains appiovimaiek 

gi'amme ol iodine. A pari is 
.stored in (<*ilain organs, uhih' die 
rest circulates with tiie fdood, which 
constant Iv delivers iodine to the 
ceils, in ail healthy peo}>le in ait 
parts of the wcnld the iodine content 
of the blood is fairly constant and 
subject only to slight vat iat ions. In 
summer the iodine coiitent of the 
blood is somewhat higher than in 
winter, and in women it rises dur- 
ing the monthly period, which may 
perhaps explain the increased irrit- 
ability of women at such times. If 
a person becomes excited, his glands 
pour out iodine, and the iodine con- 
tent of tile ])]ood is doubled. 1 his 
increase may l)e demonstrable for as 
long as two hours. 'I lie well-known 
fact that people can talk themselves 
into a state of anger, and i)et;oiiie 
more and more excited in the amrsv 
of an argument, may perliaps be ex- 
plained by this outpouring of iodine 
during excitement, since iodine it- 
self in turn produces an exciting 
effect. 

How Iodine Affects Man 

Among the organs of the bodv 
iodine is unequally distributed. Half 
the iodine of the body is |>resein in 
the musculature, one tenth in the 
skin. The endocrine glands are 
richest in iodine. It apparently 
plays a part in hormone-formation. 




(;!,ANUS AND HUMAN temperament 




«;«e glands is profound, affeciing every 
shows the position oj these glands 
■aihvroids, (4) thyroid, (5) thymus, (6) . 
eXm! the endocrine glands determine 
iical constitution, (c) temperament. 




HOKutmm 


The (svary is ricii in iodine — n% long 
as it funciion.s. With the ;t|)i)eaV' 
ance of llu* taenopause its iodine 
content decreases. 

The diief iodine tiepot is the thy- 
roid giaiid, which weighs approxi- 
mately one ihotisandlh ol the weight 
of the body, but \vhich contains one 
fifth of all the iodine in the body. 
In the tlivroid tiie iodine is coin- 


Fig. 249. One of the corpuscles (much enlarged) which compose the thymus; they 
number about one and a half million. The function of this gland is unknown. 


bined with an amino acid to form secrete? The thin maid who runs 
a compound called thyroxin. This excitedly through the room, who be- 
substance is united with a second comes frantic over trivialities atul 
protein compound, and these two upsets the entire household, has too 
are combined with a third protein much iodine in her blood. Hr 
molecule containing arsenic. This waiter in Figure 5*48, who is iinduh 
highly complex triple compound is tall owing to an overproduction of 
known as the colloid of the thyroid hormones, and who passes vapid h 
gland, because externally it resem- among the guests, his coat tails fly 
hies a colloid like gelatine. A nor- ing, is a similar type. Hie fat, 
mal thyroid gland produces phlegmatic man who sits placidly 
gramme of colloid daily, and in the behind his beer mug probably has a 
course of a lifetime it works up thyroid which does not function 
about I gramme of iodine. very actively. 

Iodine stimulates the sympathetic Hyperthyroidism (Graves' Dis- 
nervous system, which controls the ease). If the thyroid enlarges and 
metabolic processes. Administration secretes too much hormone^ a con 
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ditiori arises which . is know^i:! as upset, and' the hyperthyroid' w^oman 

liyperiiiyroidisiii, or Graves’ disease, becomes frantic, 'is suffering from 

after the physician' who described myxoedema. 

the disease in 1835. Enlargement ■ Cretinism. If a chiid is born witli- 
of tiic thyroid is known as g'oitre, ' out a thyroid or with a degenerated 

Since a inocU.ralel)’ enlarged thyroid gland, it remains mentally and phy- 

whidi exhibits increased vascularity sicaliy undeveloped* Often it does 

and often even pulsation, accom- not even learn to speak and exhibits 

panied f)y protrusion of the eyes (ex- no reactions to its environment. 

ophihafinia) may be observed in Such an individual is called a cretin. 

|>eo]?ie with Gra\cs’ disease, the coin Many cases of congeiiital cretinism 

diiion is also known as exophthal- are hopeless and do not respond to 

inic goitre. any treatment. Some cretins, how- 

ever, develop remarkably when they 
Graves’ Disease receive thyroid medication, learn to 

’Fhe symptoms typical of Graves’ speak and to perforai some easy type 

disease are due to excitation of the of work, and can be maintained in 

sym|>athetic nervous system. The a state of social usefulness by the 

four chief signs are enlargement of constant administration of thyroid 

the ilnroid gland, exophthalmia extract. 

(which may be absent), palpitation Endemic Cretinism. Cretinism 
of the heart, and a fine, involuntary may be endemic or sporadic. The 

tremor which is l)est seen when the endemic form is cc:>mmon to the up- 

ariiis are extended and the fingers land valleys of the Alps and the 

spread wide apart. The blood-pres- Himalayas, regions where endemic 

siirc is raised, the pulse rate acceler- goitre is also prevalent. The thy- 

ated, and the metabolism of the roid gland is enlarged, thick, hard, 

f>ody increased. The individuai per- and atrophic. The glandular tissue 

spires easily, he is excitable and irrit- may disappear completely, only a 

al>ie, diarrheea and vomiting may hard fibrous mass remaining. It 

occur, and there is a marked loss of differs fundamentally from the corn- 

weight. paratively smaller, soft gland of a 

M^x(vdemn. If the thsroid pro- patient with C^raves’ disease, 
duce.'i too little hormone, a state of 

!^^po{hvroidism develops. When Arrested Development 

the basis of tlic condition is congeni- In the latter case, enlargement of 
lai it is known as cretinism, and the thyroid is due to excessive func- 
wlten accjuired, as niyxcedema. Meta- tion; the goitre of the cretin is a 
!H>Iisni is depressed, the individual is thyroid that has become enlarged 

mcutalh and ]>h\ sicaliy torpid, the because it attempts to compensate 

skin is rough, drv, aiul sensitive to for its iodine deficiency, and which 
cold. I he hiiir is dry and falls out, remains large when it atrophies, 

the -pressure is lowered, the owing to exhaustion. Cretinism de- 

hearl beats slow]}, the sex glands velops insidiously. The child at 
fund ion ptKsrly, and the patient birth has no goitre and often learns 

lacks {emperamen!. In Figure 248 to speak and to act. It recognizes 

the wonnm who looks on listlessly its 'environment and. appears . n'or- 

while the vase wilii tiie 'flowers is ■ mal.- ' Within a few years,, however. 
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unless the child is removed to a non- 
goitrous district or receives iodine 
medication, cretinism begins to de- 
velop. The mental and physical de- 
yeiopment of the child slows down 
and eventually ceases; the final re- 
sult is a cretin like the little woman 
in Figure 51 (12) and the man in 
Figure 252. Cretinism is widespread 
in the y\lpine districts. In Savoy 
there are 40,000 goitrous individuals 
among 1,000,000 inhabitants. The 
Aosta Valley presents the greatest 
number; here approximately one 
third of the population is affected. 
Cretinism is rare in districts rich in 
iodine. 

if the disease has progressed too 
far, iodine no longer helps. The 
outbreak of the disease, however, 


can be, prevented or at least great ty 

limited by the ailministianon ol 
iodine. For this reason the popula- 
tion. in such districts is supplied 
with iodine. It has alr<‘a(!\ been 
mentioned that cretinism and goitre 
occur logetiier. Now, simple goitre 
is clue to an insullicieni supply of 
iodine to the thyroid. If a goitrous 
woman becomes pregn a n t si 1 e i s u 1 1 ■ 
able to supply her child with the 
needed iodine, and as a re.su ft a 
cretinous child is born. If iodine 
is supplied to the entire |K>pulaUon, 
the pregnant mother is almost cer- 
tain to receive a sufficient amount 
to prevent her child from becoming 
a cretin. 

In addition to siipplving the 
population with iodine the soil is 


Fig. 250. Plants also react to hormones! After treatment with ovarian hormone, plant 
(b) becomes sexually mature and blooms sooner than plant (a), which is of the same age. 
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ft ri Hi '/(-i ! ui I h < ‘oi 1 1 ]■)< > i n h I s ' con la 1 n - 
irii»’ iodine, and ilic: feed of’ domestic, 
animals sucli as cows and. chickens 
is mixed with iodine, so the, 

milk, hiitler, egg's, and meat ob- 
tained have a higher iodine content. 

Preventive Treatment 

111 die Uiiitei! Stales iodine is 
luliiiiiii.slercd lo dm j>opu,!ation 
of goitrous regions -for example, 
die region of die (dasil Lakes and 
die valley of die St. Lawrence — in 
dm form of ioiii/ed salt, “llus is 
also tione in Swil/crland. Ilalf a 
gramme of potassium iodide is 
addetl U> eveiy inuuired gi’aunnes of 
!af)!e salt, so dial dm individual 
ol>tains a considerable part of his 
iodine reejnirement liy means of 
table salt. 

Adrrjuils. ‘1 he adrenals are 
the best known of all die endocrine 
glands. i he adix-nal gland ha.s a 
very ancient evolutionary history, 
liaving tieveloped from a primitive 
organ, tiie inleriaaial body, of fishes. 
Elements td’ dm sun|>athetic nervous 
svslem wantkaed into die interior 
of the interrenal atid are siun 

ated uithin if at ]>remnl like a nut 
in sliell. I lie kca nel of tlie nitt, 
<’onsisting of tu-ne (i-lls, is tlm* 
medulla, and ilie sludi, wfddi is de 
rived from the amieiu interrenal 
gland, is kmn\n as dic' i«irtex t>f the 
adrcaial. Ih>di prodmif iionnones. 
Ihe medulla se<retes adrenalin, 
which sUmuhUes tiie svmpalheiic 
nrr\ous sNsicm, while die tot lex acts 
on die wig us. 1 hus die same organ 
produce’s uvo opposilelv acting sub- 
si at ices! 

77/c //ooe/mic of fhr Ail renal 
(loriex. I lu- in\i*st igat ion ol the 
adrenal u.)ru.‘x lias led lo dm* isoia- 
lion <d \arions uwstallitie com- 
pounds. 'I Ids lias laisetl an import- 


ant question as to 'whetiier the 
adrenal cortex e,laborates a single 
compound which: can be ' regarded 
as the. hormone of the gland, or 
whet.her it ma.riiifactures a number 
of separate hornioiies, each with a 
special function. Research on this 
problem indicates that no one com- 
pound can be regarded as the essen- 
tial hormone which produces all the 
physiologic effects of the cortex. 
Some of the functions of the body 
which are inff uenced by the adrenal 
coi tex are carboli y d rate met abol ism , 
kidney function, the capacity of 
muscles to respond to stimulation, 
growth in young animals, and resist- 
ance to stress produced by such 
agents as bacterial toxins, insulin, 
and thyroid iiorrnone. 

Adrenalin. Adrenalin is one of 
the most powerful substances in the 
body known to us. It is present in 
the blood in dilutions ranging from 
1 : 2,000,000,000 to i : 1,000,000,000. 
Let us think of the molecules of the 
blood as peas and the adrenalin 
molecules as beans. Now if an 
adrenalin bean were placed on a 
page of this l>ook and peas placed 
side by side to tlm next bean, they 
would have to l)e laid from here to 
lire moon, once around the moon, 
and tiien back to the earth before 
the next adrenalin bean was reached. 

A Versatile Hormone 

Such is the great dilution in 
wliich it is present in the body and 
exerts its action. It is one of the 
strongest “ poisons known to us. 
Some of ghe most important effects 
of adrenalin are indicated below : 

1. It acts like an oxidative fer- 
ment during nerve-cell activity. 

2, It dilates the pupils. 

It contracts the (.:apillaries. 

: , 4,: B-y..'-. contracting the eapiiiaries 



it renders the mucous membranes 
anaemic, thus reducing congestion — 
for instance, in the nose. 

5. Adrenalin seems to play a part 
in the formation of skin pigment. 
When a person is affected by dis- 
ease of the adrenals the skin becomes 
pigmented, ranging in colour from 
light yellow to deep brown. It is 
possible that adrenalin plays a role 
in this process. 

6, Adrenalin raises the blood- 
pressure. 

7 It has an opposite effect on the 
bronchial tubes and the intestine. 
The bronchial tubes dilate and the 
intestine relaxes under its influence. 


The ' eireuT' 
aticm of in 

Nainre. Tim very 
abimdant and widely 
distributed ■mineral m 
washed mtt c>/* hrokem 
down rocks ( !) by 
mount at it streams'' (2), 
and eveniimily aceimh 
idates in the ocean fJy 
where organic life is 
particularly ■ ' rich ■ in 
iodine (6), The atmo- 
sphere (4) takes some of' 
the iodine from the sea, 
later to he. returned to 
the earth in rain (5 y 
which enriches' the soli 
and its products (9, 10, 
11) with iodine. Coal 
(7) — a vegetable pro- 
duct “ and hence, too , 
the smoky air pervading 
cities (8), also contain 
iodine originating in 
this way. The mountain 
valleys from which the 
iodine was originally 
washed a way, ha ve be- 
come relatively deficient, 
so that natives -of these 
localities c o m m o n ly 
exhibit cretinism (12). 

8. The tonus of the heart muscle 
is increased. 

9. Adrenalin mobilizes the sugar 
from the liver. 

This multiplicity of effects ex- 
plains the equally varied uses lo 
which adrenalin is put in medicine. 
Some of these uses are as follows: 

1. In inflammation of the eyes it 
is used to dilate the }nipiLs. 

s. Since it reduces the congestion 
of mucous membranes, it is used in 
examination of the nose to reduce 
the size of swollen nasal concha*. 
Adrenalin is sometimes used in colds 
where the nose is clogged, but since 
its action is of short duration it has 


rMPORTANCE OF ■ THE ' PITUITARV ' '■ 3^7 

which arises as an upgrowth ot the 


!)ccn r(:|')lace(! !)y other substances 
siub as ephcdi in, 

3. Since it .relaxes b,ronchial 
spasm, it is a valuable .re,niedy in 
the treafincnt of' asthma. . 

3. Allergic; individuals wlio have 
attacks of lubes alter eating straw- 
berries, totsialoes, crabs, and oysters 
are reiie\ed by injections of 
adrenalin. 

5. In performing operations 
where local anasthesia is used, as in 
dental extraction atul tonsillectoVny, 
the doctor adds a few drops of adren- 
alin to the cocaine which is used for 
anaesthesia. In the lirst |,)iace the 
adrenalin renders the tissues 
anatnic, thus lesseiiing the danger 
of bleeding, and secondly it retards 
the absorplicjn of the atuesthetic, 
thus prolonging its cl feet. 

6. in cases where tlie heart sud- 
denly stops, as in serious accidents, 
or undet' the inliucnce of an ana s- 
tlictic, acb'cnalin is injected directly 
into the iieart as a last resort, since 
there is no stronger stimulant for 
the heart muscle. Many a “ corpse ” 
has ])cen recalled to life by a timely 
injecticju of adrenalin — to be sure, 
onh in the lirst two to four minutes 
after the luxirt has stopped beating. 
A ])erson who has i)ecn dead for an 
hour cannot be revived, because the 
blood is already coagulating in the 
!)lc)od vessels and the circulation is 
thus irrevocably occluded. 

The Fiiuitarv (Uaud, The pituit- 
ary is not onh' a double organ, but 
even a triple one. it consists of two 
lobes, an anterior and a posterior, 
the latter consisting in turn of two 
])arts, and exerts a varielv of elfects 
[Fig, 253 k 

llic Aiifrrior Lobe — the (Irowth 
GldJid of ihr Bod\. I'he anterior 
lobe IS derived from :\n ancient struc- 
ture of the oral cavity, a pouch 


pharynx and which in the course of'" 
the evolution of the human, body 
has become attached to the luider 
surface of the brain. The anterior 
lobe is a growth gland. The size 
of the body and, above ail, its pro- 
portions are priniariiy dependent 
on the influence of the anterior 
pituitary. If a young animal is de- 
prived of its pituitary, it remains 
dwarfed. Removal of the anterior 
lobe in a tadpole prevents its meta- 
morphosis into a frog. If an extract 
of the lobe is injected, however. 



Fig. 252 . A typical cretin, or sufferer 
from thyroid degeneration. This condition 
is due to iodine deficiency in the soli. 


metamorphosis takes place. Many 
dwarf types — among dogs, for ex- 
ample, the dachshund — owe their 
dwarfed form to ,a consid.erable 
diminution of the anterior lobe. 
Conversely, if the pituitary functions 
too vigorously, the hones grow be- 
yond the normal size. Most giants, 
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such' as: those Figures. 56. aod 
are pituitary giants. 

'v Acromegaly, If, tht? anterior, lobe.- 
grows larger in adult life after skelc” 
tai ossification li us ceased, the skek” 
ton begins to grow again. But since 
the growth zones of the skeleton 
have already become firmly knit, 
only the free ends of the bones of 
the nose, chin, feet, and hands are 
able to grow. For this reason this 
disease is known as acromegaly, from 
the Greek akros, ‘‘ extremely,’’ and 
rncgak/*' large.” Most giants show 
signs of acromegaly: namely, great 
enlargement of the liands and feet, 
while the head and trunk are rela- 
tively small. 

Besides the growth hormone the 
anterior lobe also secretes other hor- 
mones that act on the other endo- 
crine glands — above all, the thyroid 
and the sex gland. Without the hor- 
mone from the anterior pituitary 
the sex gland cannot begin to func- 
tion, so that the anterior pituitary 
has been described as the starter ” 
of the sex gland. 

The Posterior Lobe. The pos- 
terior lobe of the pituitary is in- 
timately connected with the meta- 
bolic centres in the depths of the 
brain. By means of a hormone it 
regulates the oxidative processes in 
the muscles, water metabolism, and 
heat-production. When the pos- 
terior lobe is diseased, the individual 
excretes enormous quantities of 
water, up to as much as twenty 
quarts of urine in one day, and 
suffers severe thirst; or he may waste 
away because of pathologically in- 
tensified oxidations and die within 
a few months. 

The posterior lobe, like the 
adrenal, is composed of gland tissue 
and nerve cells. It produces a num- 
ber of hormones, of which one con- 



Fig. 253. The pituitary gland acts upon 
the brain, the bones, thyroid gland, heart ^ 
liver, adrenals, sex glands and uterus. 


tracts smooth muscle fibres, as docs 
adrenalin, thus raising die blood- 
pressure; another stimulates the in- 
testinal movements; a third acts on 
the kidney, increasing its power if) 
absorb water and thus diminishing 
diuresis; while a fourth causes the 
Uterine muscle to contract, the effect 
being particularly marked towards 
the end of pregnancy. This last sul>- 
stance, known as pituitrin, is used 
in obstetrics occasionally to initiate 
labour, but mainly to obtain rapid 
womb contraction after childbirth. 


CHAPTER XXXII 


The Urinary Organs 

I'lll': INTERNAL S'rRtJCTURE. . PREFARATION OF-, URINE. 

uoi Li'crriNc; turui.E.s, kidney peivvls.and urei'er. kidney diseases. 

Till': lES'l |X<J OV RENA!. FlJNCrriONy URINARY CASTS. KIDNEY STONES. 
URIXAR\' BLADDER. THE CIOLOIIR OF. THE URINE. UREA. URIC ACID. 


T he ok! analoinisis railed the 
kidney i'/krz/A rlr^anlissitJiiufh 
tile most elegant of the viscera* and 
li is a< tually that. From il.s external 
appearance to {h(.‘ last microscopic 
details, the kidney surpasses the 
other organs in the profusion of 
a'Hthelic motil’s to be found in it* 
and in the elegance with which its 
strtH luial problems are solved. 

d’he kicineys are two chocolate- 
coloured, bean-shaped bodies, each 
as large as a hsl, suspended in the 
lumbar region on the posterior wall 
of ilie abdomen [Fig. ^>59]. They 
are not enclosed in the peritoneuiu 
like the stomadi, intestine, and 
liver, but hang with relative loose- 
ness near the spinal column, and 
consequently iuive a tendency to 
sink down. If the ligaments that 
hold the kidneys in place become 
relaxed, tliey begin to move about 
(lloating kidney). 

The hiterual Structure of the 
Kidtiey. Dttring the development 
of the kidney within the embryo, 
a tube, whidi later becomes the 
ureter [Fig. .254 (1)] and carries away 
the urine from tlie kidne\’, grows 
towards the dcseloping organ and 
seiuis out antcnna-likc sprouts (a) 
into its interior. These meet blood 
\-essels (shown as black lines), which 
grow from the kidney. Both the 
urinary canals atid the vessels ramify, 


and their branches (b) meet each 
other at their tips. The blood ves- 
sel, however, on meeting a ureter, 
pushes in its tip, making a cu]>like 
depression in wliidi the vessel coils 
[Fig. a54 (c); Fig. ^56 (c): Fig. 357]- 
'Hiis apparatus is the kidney 111 ter, 
tire place in whidi the urine is pre- 
pared and liftered. In all illustra- 
tions tile urinary filter is represented 



Fig. 254. The development of the kidney 
in the embryo. The urinary ducts (a) grow 
out of the kidney pelvis (!) into the 
kidney. Here they unite with blood vessels 
(in black) to form: the filters (c). 
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Fig. 255. One of the fifteen thousand cells which line the walls of each of the minute 
filters of the urinary canal. Together these cells comprise the apparatus which filters 
water and waste products from the blood, in the form of urine. 



F!L;i:,ERiNc; the'- b'lo.oi:>; 


in -dll cxik!ih*!v sinipUin.'tl loiin. its 
iinnieiisch i oiiipliintcd naUirai con- 
stiiiciicju may he seen iii Mgure 
which represejiis a gi'ealiy (mlarged 
melai mndi'l of a us inary tihci'; (b) is 
the \(“ss(‘!, (i ) is ihe filter cu]) 

to which the tuinary canal is al.- 
tatinal in the form of a thick bail 
of tlinaids. In Figures yrj.j and 1457 
if is sftown as a simple haip. I'hc 
true path of th<* ut'inary canal is 
shown in figure and with litc 
help of the mind)ers (i to yH) one 
can follow the course of this small 
laf)\ri!nh. The enlirc* structure with 
all its loops is no larger than a 
speck of dust, and each kidney con- 
tains approximately one million 
such filter apparatuses. Jf the com 
voluted and twisted coil of a single 
filter canal is straightened out, one 
obtai'ris a tube about two incheKS 
long. 

77 / c Preparation of Urine, The 
branch of the blor/d vessel which en- 
ters the filter is thicker than the 
branch which leaves it [Fig. S57]. 
Thus there is an increased pressure 
within the filter due to congestion. 
The urinar)' filter is a high-pressure 
apparatus. In the course of a day 
each cup filters o.$ cubic centimetres 
of water from the blood. For the 
two million kidney filters the total 
quantity is 60 quarts. The,, human 
kidneys are indeed industrious! Of 
these 60 quarts only i to quarts 
a.re excreted. The greater part of 
the filtered water is reabsorbed by 
the blood vessels wdiich surround 
t.iie tube through which it passes. 
The wail ' of the ' urinary canal is 
covered with cells— ,15,000 in each 
filter coif, .^o thousand million in 
the two kidneys — and each cell is 
built like the structure shown in 
Idgiire 4455. The cell e,x,teiids ap- 
proximately 100' suction tubes 


'■3P 

(above) dnto,'' the , urinary canal, 
through whiclr the provisional '' 
urine is slowly ffowiiig, and absorbs 
water and proI)af>Iy other compon- 
ents from it. VVitiiin the complex 
ceiiuiar structure tliese products are 
treated in a niatnier of wTicli we arc 
still ignorant. Then they are car- 
ried througli the thick cell tubes of 



Fig. 256 . The complex structure of a 
urinary filter. The figures trace the maze- 
like path of the canal (V); (b) is the blood 
vessel^ (c) the filter capsule. 

the external half of the cell (below) 
to the blood vessels which surround 
the outer wall of the urinary canal. 
The convoluted urinary canal is thus 
a kind of “ urinary intestine ” in 
which the provisional urine pro- 
duced by the filter apparatus is sub- 
jected to a digestive process. Fifty- 
nine of the sixty quarts pass through 
the wall of the urinary intestine back 
into the blood; the remainder is car- 
ried off by the ureter as a kind of 
“faecal matter,” and passes through 
it into the bladder. 

Although a great deal is known 
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about the process of urinary .secre^ , 
tioii it is still Jmpossible to give a 
full and detailed explanation of this 
function. \ 

Collecting TiibuleSy Kidney Pelvis^ 
and. Ureter. The drops of urine that 
leave the convoluted urinary canals 
[Fig. 258 (v)], collect in ducts, called 
collecting tubules (a). These ducts 
are arranged like the spokes of a 
wheel and converge at the centre of 
the kidney, where they open into 
the pelvis of the kidney (1). In 
Figure 259 one recognizes the pyra^ 
mids of the converging collecting 
tubules (a) in the sectioned kidney, 
and sees how the tips of the pyra- 
mids extend into the openings of the 
renal pelvis (I). The branches of 
the renal pelvis unite to form the 
two ureters (u), which pass down- 
ward as fine tubes, about lo inches 
in length, aloiig the posterior wall 
of the abdominal cavity, and open 
into the urinary bladder at (d). 

Kidney Diseases. As in most other 
diseases, heredity plays a part in the 
origin of kidney disease. The mem- 
bers of some families tend to become 
victims of kidney disease, while in 
other families the members remain 
untouched despite the fact that they 
put a great strain on their kidneys. 

Poisons and Toxins 

The habitual misuse of coffee, to- 
bacco, and alcohol injures the kid- 
neys, like the habitual administra- 
tion of poisons, such as lead which 
painters and printers inhale daily 
for hours or ingest when they eat 
their food with dirty fingers. Since 
most poisons, both those artificially 
introduced as well as bacillary 
toxins, are excreted by means of the 
urine, the kidneys are particularly 
exposed to poisons and infectious 
diseases. Scarlet fever, diphtheria, 


and ■toosillius may cause inflamma- 
tion of the kidneys. Afiei every at- 
tack of- tonsillitis, especially in ihikl- 
ren, the urine should !)c cxanilncal 
to see whether the kidnevs have 
been damaged. On accotuu ol the 
narrowing. of the small bl<H>d \esseis 
in cases of arlerio-sclerosis aiu! high 
blood-pressure, the filters do not re- 
ceive enough blood and shriiik. As 
a result the entire kidtiey contracts 
and becomes sttuiller (a “contracted 
kidney 

Kidney Disease 

The Testing of Renal Function. 
The existence of kidney disease can 
be established by examining the 
urine and testing renal function. In 
order to test the function of the 
kidney a blue dye is injected under 
the patient’s skin, and the physician 
observes by means of an electrically 
illuminated apparatus (cystoscope), 
which is inserted into the bladder, 
how long it takes for the dye to ap- 
pear in the bladder with the urine. 
With the aid of this apparatus, in a 
healthy kidney the blue dye can be 
seen shooting out of the ureteral 
orifices in blue clouds after approxi- 
mately fifteen miniitevS, If the kidney 
is diseased it takes longer for the 
dye to appear, or it may not appear 
at all. 

Urinary Casts. Like every other 
organ the kidney loses old cells un- 
interruptedly. These cells can be 
seen by examining the urine micro- 
scopically. A sick kidney loses more 
cells than a healthy one. If the 
urinary canals are inflamed they ex- 
ude an inflammatory mucus, or even 
pus, just like the nose in case of 
a cold, or the bronchi in bronchial 
catarrh. These dots arc pushed 
through the narrow tubes and ap- 
pear in the urine as casts of these 
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wlified drawing of the mechanism of urinary secretion. 0 
'iiey filter. Of the sixty quarts of urine secreted daily, ftj 
1 the urinary canals ( Upper Right). Only one quart enter 
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Fig. 258 . The collecting tubules (a) conduct the 
urine from the canals (v) into the kidney pelvis (I), 



Fig. 259. The humcm urinary system. One of the kidneys ( k) is shown in section, 
revealing its complicated structure. Note the collecting tubules (a), leading into the 
kidney pelvis (I). The two ureters (tt) can be seen opening into the bladder (d); 
through the urethra (e) urine leaves the bladder; (x) indicates the adrenal glands. 
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desire to urinate. If one steps on a 
cold stone floor with bare feet, or if 
the feet are dipped in cold water 
wdien one goes swimming, the blad- 
der miiscuiature contracts [Fig. 54^], 
and one has a sudden desire to urin- 
ate, even if the bladder is not very 
fiilL Similariy, wdien the mucous 
membrane is inflamed, the nerves 
constantiy report a desire to urinate, 
even when the bladder is not full. 

Complex Waste Products 

Urine, The urine contains many 
different constituents, among them 
extremely complex compounds. The 
specific gravity of the urine, which 
is determined by means of a hydro- 
meter or urinometer, indicates the 
quantity of solid substances con- 
tained in it. The specific gravity of 
urine varies between noof, and 1,040. 
If the number above 1,000 is multi- 
plied by one obtains the quantity 
of dissolved substances contained 
in one cpiart. One quart of urine 
having a specific gravity of 1,020 
contains 20 x 2.3 = 46 grammes of 
.solid substances. The kidneys ex- 
crete daily about 50 grammes of 
solid matter. 

The Colour of the Urine, The 
colour of the urine is determined 
by a mixture of yellow, green, red, 
and pink pigments, of which the 
yellow urochrome is derived from 
protein, the green urobilin from 
bile, and the various red and pink 
pigments from other sources. 

Urea. The ammonia derived from 
the amino acids is excreted as urea, 
which is the most important of the 
colourless constituents of the urine. 
The quantity of urea is an indica- 
tion of the amount of protein used 
up by the body in the course of a 
day. The kidneys excrete daily ap- 
proximately 30 grammes of urea, so 


that it coniprises t\vo thirds of the 
solid matter in the urine. One cai i 
therefore describe urine as a y, -per- 
cent solution of urea. Urea is syn- 
thesized in the liver from the am- 
monia of the amino acids and liie 
carbon dioxide of the blood, if a solu- 
tion of ammonia and carbon dioxide 
is conducted through the vessels of 
a liver irnmediately after removal 
fi'om an organism, urea is contained 
in the solution when it leaves the 
liver. Urea was the first organic 
compound to be prepared in the 
laboratory. With the artificial pro- 
duction of urea, approximately a 
hundred years ago, began the trium- 
phal career of synthetic chemistry, to 
which we owe man}' medicinal drugs 
used at present, such as aspirin, ami- 
dopyrin, adrenalin, veronal, salvar- 
san, and many others. Urea can 
easily be rendered visible. A drop 
of urine is placed under a micro- 
scope and a woollen thread Is placed 
in the urine so that both ends of the 
thread project out of the drop. If 
nitric acid is now dropped on the 
free ends of the thread, it is carried 
by capillary action into the drop of 
urine, and crystals of urea combined 
with nitric add become visible. 

Bacteria in Urine 

If urine is permitted to stand for 
some time, a ])enc{rating, acrid 
odour arises from it. Bacteria from 
the air fall into it, among them the 
ubiquitous, spherical i\! icroeoerus 
icrcvc an the rod-sliaped Hadlius 
urerej which live on urea. Al die 
same time ammonia is liberated, giv- 
ing rise to the well-known penetrat- 
ing odour of standing urine, which 
also arises from dungheaps. The 
ammonia which remains in the urine 
combines with acids or alkalis to 
form e'ither ammonium urate [Fig. 
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260. The world within a drop of urine. The crystals revealed in this beam oj 
light are: Above (a — b)^ uric acid; ( c) ammonia; (d) creatin; (e) benzoic acid; (f) oxalic 
acid; (g) calcium sulphate; (h) ammonium phosphate ; (i) the amino acid^ leucine 


260 (c)] or aminoniuoi phosphate (h). 

Uric Acid. In addition to urea, 
ilie metabolism of the most complex 
protei n com po u nd s, par tic u 1 arl y 
those ])rcseiit in a cell nucleus, gives 
rise to uric acid. If a person con- 
sumes a great deal of meat, he ex- 
cretes a large (|iiaiitity of uric acid. 
All the crystals shown in Figure 260 
between (a) and (b), along the upper 
border of the light beam, are crys- 
tals of uric acid. When the body is 
in a febrile state, many cells are 
destroyed, and as a result the urine 
of febrile patients contains excessive 
amounts of uric acid, which is de- 
posited in the form of red grains on 
the floor of the vessel. ** My urine 
looks as if iluae is blood in it,'* a 
feverish |KUient imiy tell his doctor, 
but it is not blood, only a sediment 
of uric-acid crystals. 

If one eats spinach, lettuce,' or 
cabbage, oxalioacid crystals may 
be found in the urine (I), After 


eating apples, pears, figs, and cran 
berries, benzoic acid, which is con- 
tained in these fruits in the form of 
hippuric acid, appears in the urine 
(e). If one has partaken of foods 
having a high sulphur content, such 
as eggs, lentils, peas, beans, and 
radishes, calcium sulphate is found 
(g). Upon dropping a few drops of 
zinc chloride into some urine, one 
observes the appearance of remark- 
able structures that resemble fun- 
gous growths on trees. These are 
crystals of creatin, which is produced 
as a result of rauscular activity (d). 
If urine is mixed with sulphuric 
acid, a few drops of chloroform are 
added, and a strong oxidizing agent 
such as chloride of lime is then 
added, a beautiful blue colour ap- 
pears, due to the formation of in- 
digo, the famous dye which was 
formerly obtained from India. In 
this manner many interesting 'ex- 
periments can be made with urine 






THE VAGUS NERVE 

The vagus nerve is a vast network oj neurons passing 
This nerve has a ‘'braking" influence upon the activiti 
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CHAPTER XXXIII 

The Nerve Cells 

THE NERVE CEIX. NISSL GRANULES. A DAY IN THE LIFE OF A NERVE 
CELL. THE NERVE FIBRE. NEUROGLIA. SPEED OF THOUGHT. THE 
PERSONAL EQUATION. PSYCHOTECHNICS. SENSORY NEURONS. 
MOTOR NEURONS. THE CONNECTING NEURON. THE REFLEX. 


T he function of the cells of the 
integument is to protect the 
body. For this purpose they have 
specialized in two directions. The 
one group has developed the ability 
to react to stirnuii; these cells have 
I become “receptors," which inform 
the body of conditions in the outer 
world; the others have strengthened 
themselves and cover the body with 
a protective horn layer. The cells 
of the first group are the nerve cells; 
those of the second group have be- 
come the skin cells. 

The reporting cell is originally 
situated on the surface of the skin 
among its sisters, and transmits the 
stiniulus that it receives into the 
depths, by means of a protoplasmatic 
thread. Ceils that are situated in 
the skin and transmit stimuli to the 
deeper parts are called cutaneous 
sensory cells, . 

.Burled Cells 

Lower orga.n isms have no other 
nerve cells but these outer ones, and 
even in man they have, survived in 
certain parts of the body— namely, 
in the protected oral and' nasal, cavi- 


ties. In the course of evolution most 
of the cutaneous sensory cells have 
withdrawn into the depths and are 
in contact with the outer environ- 
ment only by means of their ex- 
tended protoplasmatic processes. 
These buried sensory cells are the 
nerve cells. 

Watchmen Cells 

The sensory cell in the surface 
skin’ corresponds to the ancient 
watchman who kept his vigil oh the 
castle wail The deeply buried sen- 
sory cell is analogous to a modern 
listening post and telephone switch- 
board, situated far under the earth in 
a concrete room, where, by means of 
receiving apparatus and conducting 
wires, reports from the outer world 
are received and transmitted. The 
human nerve cell is certainly no 
greater marvel than the liver cell, 
which is capable of carrying out 
simultaneously twenty different 
chemical reactions of the most com- 
plicated kind, or the sperm cell, 
which bears the hereditary factors 
of an entire human family in its 
chromatin gTanules. However, of all 
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the cells in the human body it un- 
demably exhibits the most interest- 
ing structure [Fig. At one end 

it bears an antenna (a), with the 
tips of which it receives stimuli. 
Some nerve cells are surrounded by 
a sheath (b) which is continuous 
with the covering of the nerve fibre 
belonging to the ceil. The typical 
nerve ceil is large, and has a large 
vesicular nucleus (d) with very little 
chromatin. Within the nucleus are 
mechanisms of various kinds, the de- 
tails of which are still unknown. 

Fuel System 

Around the nucleus passes a 
system of tubes (e) which is called 
the Golgi apparatus, after its dis- 
coverer, Perhaps it is through these 
tubes that the nucleus absorbs from 
the cytoplasm the substances which 
it uses for fuel. These substances 
accumulate around the nucleus and 
disappear during cellular activity. 

Nissl Granules. The fuel sub 
stances of the nerve cell can be seen 
under the microscope in the form 
of the so-called Nissl bodies. These 
are angular masses of granular 
material that have an affinity for cer- 
tain aniline dyes. The Nissl gran- 
ules change in size and number with 
the physiological condition of the 
cell. Thus it is found that nerve 
cells which have been fatigued by 
prolonged activity show the Nissl 
bodies becoming disintegrated. In- 
deed, they may even disappear for a 
time from the cell. A similar result 
is found to occur after the action of 
poisons which especially affect the 
nervous system. The Nissl granules 
appear to consist chemically of 
nucieoprotein. They also contain 
organically combined iron. 

A Day in the Life of a Nerve Celt. 
In the morning when an individual 


awakes, his nerve cells are .filled ..with 
Nissl bodies, lie leaves his bed like 
a locomotive leaving tire engine- 
house; the tender is filled to the 
very edge with coal. The “nerve 
coal (the Nissl bodies) provides the 
material from which the individual 
draws his nervous energies. With 
every movement, with each state of 
excitement, with every sense impres- 
sion,. and wit,h each tliought a trace 
of “ nerve coal disappears from the 
cells of the brain, and in the course.' 
of a day the nerve cells become de- 
pleted. During sleep the cells are 
refilled; nutritive materials pass 
from the blood into the cells, where 
they build Nissl bodies. 

The Life History of a Nerve Cell. 
The process just described goes on 
continuously for years and clecades. 
Every morning after awakeiung, the 
cleaned and newly filled motor be- 
gins to whir once more, and con- 
tinues to work for fourteen, sixteen, 
or eighteen hours. Isn't there ever 
a breakdown in the machine, a torn 
cable, a fiat tire, or a worn-out bear 
ing? Is it a perpetual-motion 
machine? No, it is not* The 
ageing process actually begins at the 
age of ten; the pineal gland is the 
first part of the nervous system to 
be alTected, Between twenty and 
thirty the reactive capacities of the 
individual diminish markedly. At 
the age of forty the signs of the age- 
ing process in the nerve cell become 
anatomically demonstrable. 

Insulated Cables 

The Nerve Fibre. From the an 
tenna of the cell delicate fibres, 
called fibrils, pass through the pro- 
toplasm and spread out within the 
cell in the form of finely ramifying 
networks [Fig. 26s (f)]. In one corner 
these fibrils unite to form a cable, 



FIBRES AND FIBRILS' , , ' : 

wilicii carries the impulses arising ing (or insulating) substance for the 
from the cell and is known as a nerve nerve fibres of higher organisms, 
fibre (g-n). A nerve fibre is probably Neuroglia. On the outer wall of 
the best constructed cable in the the nerve fibre, cells are to be found 

world. Ill the centre run the con- at regular intervals. They are known 

ducting wires, the fibrils (f, g). Each as neuroglia, or glia cells (1). They 

fibril is eiTibedded in an isolating are to be found throughout the eii- 

inaterial, and all the fibrils are com- tire nervous system. They connect 

billed to form a bundle. The bundle the nerve cells with the blood ves- 



Fig. 262. A nerve cell and its cable. Stimuli received by the antenna (a) pass along the 
fibrils (fj into the complex '^cable,'^ or nerve fibre (mg). The tubes at (e) form the 
so-called Golgi apparatus; (d) is the cell nucleus. At (1) is a glia cell. 


is contained in a sheath (h), consist- 
'ing of ' conically shaped' funnels that 
are ingeniously fitted into one an- 
other. These funnels are filled with 
an, isolating fat, having the consist- 
ency of butter (i). .This fat, which 
is called niyelin, consists of complex 
proteins and phosphorous fats.' In 
our high-tensi.oii ' machines oil . is 
used as an isolating material; nature 
anticipated lliis trick by millions of 
years by creating myelin as an isolat- 


sels, and apparently transport vari- 
ous substances from the blood to the 
functioning elements of the nervous 
system. When the nerve fibres grow 
out of the brain and spinal cord 
in the developing embryo, the glia 
cells wander along with them. They 
are situated on the outer walls of 
the nerve fibres like plant lice on 
flower stems, but they do not suck 
off any nutritive materials; on the 
contrary, they bring liieni to the 
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fibres. Each glia ceil takes care of 
an area of L square millimetre, A 
nerve fibre rimning from the spinal 
cord to the tip of a finger is covered 
by approximately 5,000 glia cells. 
The spheres of the various glia cells 
are separated from one another by 
a constriction of the cable. At the 
point of constriction a plate has been 


pulse was conducted along a nerve 
fibre was considered liie cjuint- 
essence of speed, hence tlic expres- 
sion: "‘quick as thought^ .This 
idea has been superseded, however, 
by the accomplishraents of modern 
technology; an aeroplane flies faster, 
not to mention the achievements of 
the telephone, the telegraph, and 



Fig. 263. The speed of thought is outclassed by the performance of some modern 
discoveries, A giant extended over the globe from Cape Horn to Alaska would not 
feel that his feet were being bitten by a shark until eighty hours had elapsed. An 
aeroplane would cover this distance in thirty-six hours, radio waves in .Jg second! 


inserted into the cable which ap- 
parently serves as a support (k). The 
glia cell has innumerable processes 
(m) that pass through the isolating 
layers to the cables, so that the latter 
are surrounded by them. The glia 
fibres consist of a hornlike substance. 
If a nerve fibre is boiled, the isolat- 
ing fat melts, but the horn frame- 
work of the glia cells remains. 

The Speed of Thought In earlier 
times the rapidity with which an im- 


the radio. A nerve impulse is propa- 
gated at a speed of approximately 
558 feet per second or 156 miles per 
hour,. If a giant were stretched out 
over the earth so that his feet lay 
in the water at the southern tip of 
South America, at Cape Horn, while 
his head lay in Alaska, the bite of a 
shark that had attacked hiiii on 
Sunday morning would first be per- 
ceived by his brain on Wednesday 
evening. And should he how wish 
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to withdraw his foot “ rapidly ’’ from 
the water, his desire would avail him 
little, for it would take until the 
end of the week before the volitional 
impulse would have reached his foot. 
After having withdrawn his foot, he 
would still have a' feeling on Sunday, 
Monday, and Tuesday that his foot 
was in the water and was being bit- 
ten, for it would take so long before 
he had realized the fact that the 
foot had been drawn up on dry land 
[Fig. 263]. The sun is separated 
from the earth by a distance of 93 
million miles. Books on astronomy 
try to give the reader some idea of 
the magnitude of this distance by 
means of the following comparison : 
If a child were born that kept its 
hand on the s'un, it could live 
undisturbed for the rest of its life. It 
would never feel any pain since it 
would take 120 years for the pain 
sensation to travel from the sun to 
the earth. 

As Slow as Thought ” 

If a thought were produced at 
eight o’clock in London and trans- 
mitted tlirough a nerve, it would 
pass through Paris at ten o’clock and 
arrive at Zurich at two o’clock. Not 
only the telegraph, but even an 
aeroplane departing at the same 
time would bring the thought much 
more rapidly to its destination. 

The Personal Equation, That 
thought processes and all other nerv- 
ous reactions do not occur with 
lightning speed .but take place with 
relative slowness was discovered by 
, astronomers and , not by physicians. 
At the end of the eighteenth century 
■ an assistant was discharged from the 
famous observatory at Greenwich 
because his iiieasurements could not 
be brought into correspondence with 
those of the director. ;It was 'also ob- 


served at other observatories that 
there were deviations among the 
time determinations of various 
astronomers, and that these devia- 
tions were always alike. Thus all 
the observations of stellar time made 
by astronomer A differed from those 
of the equally reliable astronomer B 
by I second. 

Bessel’s Discovery 

The celebrated German astronomer 
Bessel, who first determined the dis- 
tance of a fixed star, came to the 
conclusion that these differences in 
the determination of time were due 
to the fact that the velocity of pro- 
pagation differs in the nerves of 
different people. The nervous sys- 
tem of each individual has a charac- 
teristic current velocity. The time 
loss that must be ascribed to nerve 
conduction and deducted from the 
calculations of the astronomer is 
known as the personal equation. 
Every individual possesses a charac 
teristic personal equation. 

Psychotechnics, The personal 
equation of the astronomer became 
the starting-point of an entire 
science called psycho technics. When 
anyone applies for a j'ob as a bus- 
driver or an aviator, the applicant 
may be given a psychotechnical ex- 
amination. He is taken into a room 
that a person of the fifteenth cen- 
tury would look upon as a torture 
chamber. 

Assessing Nervous Reaction 

Supposing the applicant wants a 
job as a chauffeur, he is seated in a 
model motor car while red, yellow, 
and green light signals are flashed 
upon a screen before him. When 
red appears he must apply his 
brakes; when the green light flashes 
he must start the car. The time 




Fig. 264. The Speed of Reaction (I), In an alert and intelligent person the reaction 
eye-brain-arm (denoted by black line within the body) occupies second. A man 
of this type employed, for example, as a crane-driver can direct the scoop of his crane 
to its goal along the shortest possible path, without loss of time. 

that elapses between the appearance how much he trembles and how 

of the red light and the application rapid his pulse becomes when a sudr 

of the brakes is determined in tenths denly punctured tire makes a loud 

of a second by a special apparatus, noise, or when the image of a run- 

At a stop signal given by a gramo- away horse dashing directly towards 

phone, the applicant must stop the him is flashed upon a screen, 

car. He is further examined to de- Psychotechnic investigations have 
termine how he behaves when brought to light the following facts : 
blinded by a very bright light, and i. The faculties of men difl'er 
whether he can drive safely in fog. greatly. Some people react to signals 

in of a second, others in /g of a 
Exhaustive Tests second; while intellectually inferior 

He is tested to determine how individuals require ^ a second or 
rapidly his eyes become accommo' more. 

dated to darkness, by finding how a. These faculties are not equally 
long it takes him to find a push-but- distributed for all types of reactions; 
ton in the dark; and he must state rather, each person is better equip- 
whether the surface upon which he ped for certain kinds of reactions 
is seated is inclined to the right or . and not so well endowed for others, 
to the left. Electrocardigram, pulse One individual achieves his best per- 
count, and blood- press lire deter- formance in the optical test, another 
minations furnish indications as to in equilibrium determinations, 
the courage of the applicant. The while a third is at his best in tests 
apparatus used for these determina- of courage. This is a weli-knowm 
tions registers the results with in- fact in athletics. There are tennis 
exorable objectivity; it indicates players who are stronger on tlie de- 
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feTiGCs while others are better on the- 
attack; players with sliort .reaction 
times are -well siiiteci for play at the 
net, ■ while niore cool-headed ’’ 
players exhibit their strong points in 
the rear of: the court. The best per- 
formances . are achieved only when 
the right -person is put in the right 
place. 

3. The reaction speed varies with 
the kind of stimulus. The response 
to soiind is more rapid than to light. 
People react more rapidly to bright 
light signals than to dull ones. We 
react more slowly to red than to 
white because the retina of the eye, 
like a photographic plate, requires 
more time for the assimilation of 
red.’ Unpleasant stimuli produce a 
more rapid response than pleasant 
ones. We all know that one exhibits 
aversion to a bad smell more quickly 
than pleasure at a pleasant odour. 
Something bitter is spat out with a 
speed never achieved in recognizing 
a taste that is accepted as pleasant. 


4. Bending moventents are exe- 
cuted more rapidly than stretching 
movements, because a crouched posi- 
tion is more important for the pro 
tection of life than an erect one. 

5. Reaction speed varies with the 
nervous condition. A rested indi- 
vidual reacts more rapidly than a 
tired one. Most railway accidents 
occur during the last liours of a par- 
ticular worker’s shift. For this 
reason working time is sometimes 
divided by rest periods so that the 
workers do not work long stretches 
without a break. 

Why Practice Makes Perfect 

6. The reaction time may be short- 
ened as a result of training. The 
more frequently a nerve path is used, 
the more rapidly does it conduct. 
Above all, connections between the 
nerve cells are made more rapidly. 

The results of psychotechnical in- 
vestigation have been applied prac- 
tically in vocational guidance and 



Fig. 265. The Speed of Reaction (II). In a less alert person the nerve impulse takes 
more than second to leave the brain. A crane-driver of this type directs his scoop 
along a zigzag path, losing time and performing less work. Over a long term, the 
waste of time and energy may be considerable. 


M.S.F. N’*' 
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Fig. 266 . The neurons, or segments of the nervous system, may be compared with 
the component parts of many electrical appliances. (1) Sensory neuron (radio aerial); 
(2) conduction neuron (conducting wire); (3) receiving neuron (radio apparatus); 
(4) sensory cerebral neuron (man listening); (5) motor neuron (elevator switch). 


IMPORTANCE OF VOCATIONAL TESTS 


employment psycho! ogy. The signi- 
ficance of psychotechiiic examina- 
tions for occupational and economic 
life may be illustrated by the cases 
shown in Figures 264 and 565. 

Nerves and Economics 

Two men work in a harbour as 
crane-drivers. Driver (I) has a rapid 
reaction time and is a good judge of 
distance. He is able to translate 
a visual impression into a movement 
of the crane in 1.6 seconds. For a 
complete “ trip from the bottom 
of the barge to the loading place 
and back he needs two minutes, 
travelling at the same time through 
a distance of feet. In twenty 
years he has made one million trips 
with his crane over a distance of 
9,936 miles and loaded 600,000 tons. 
Flis colleague (II) has a slow reaction 
time and is a poor judge of distance. 
Instead of two minutes for a com- 
plete “ trip ” he needs three, while 
in the course of each trip his crane 
travels through a distance of 52 feet 
instead of 36. In twenty years he 
has loaded only 4.00,000 tons while 
his crane has travelled over a total 
distance of 12,420 miles. In terms of 
economics this means that he must 
be paid not for twenty, but for 
twenty-six years; in addition die has 
taken his heavy crane form trip of 
2,484 miles at , the e.xpense of his 
company! 

Occupational Misfits 
’ This, man, wlio should never have 
become a crane-driver, is one of the 
hundreds of thousands who have 
.chosen . an, occupation at .random 
without any test of their abilities, 
and now'peidbrm their duties .as. best 
,:they.' can. ' . Vocational psychology, 
■' recognizing, this 'fact, rejects' appli-' 
cants whose abilities do not .measure 
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up to the standards required for a 
certain occupation. In doing so, how- 
ever, it takes into consideration not 
intelligence only, but also special 
aptitudes. 

The Neuron. Nerve cells and 
fibres can easily be made visible. 
Silver chromate or silver bromide, 
the same chemicals that are used for 
photography, also form compounds 
with the fats of nerve tissue. If a 
piece of tissue is saturated with sil- 
ver solutions and exposed to light, 
the nerve tissue is “photographed’’ 
and the silhouettes of the cell fibres 
become visible. Now one recognizes 
that each cell together with its pro- 
cesses forms a completely independ- 
ent unit called a neuron. The nerv- 
ous system is composed of anatom- 
ically independent nerve cells that 
are connected physiologically at 
junction points known as synapses. 

Modern Research 

This neuron theory constituted 
the starting-point for the magnifi- 
cent successes of modern research on 
the nervous system. It was recog- 
nized that the nervous system is a 
relay system of individual units, the 
neurons, connected by means of the 
synapse or junction point. The 
synapse is not a fibrous connection 
but a point of contact at which the 
nervous impulse is relayed from one 
nerve cell to the next. Recognition 
of this fact at once made clear 
many of the topographical problems 
of neurology, and, a'#ove all, of the 
diseases of the nervous system. 

The Four Types of Neurons. 
There are four chief types of nerve 
cells, or, more accurately, nerve units, 
neurons [Fig. 266]. 

1. Sensory neurons, which receive 
the stimuli of the outer world, such 
as heat, cold, light, and pain, and 
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Fig. 267. Sensory cells. Surrounding 
each cell are .delicate nerve fibres which 
convey external stimuli to the cell. All 
sensory cells communicate with motor 
cells, which transform sense impressions 
into action impulses. 


conduct tliem to ilte interior of' the 

body (i). 

s;. Motor neurons/ which receive 
the stiniulatory impulses Ixoin the 
sensory ' neurons and respond to 
them by sending a nerve current to 
the mechanical apparatuses of thC' 
body, the muscles and the glands, 
causing these organs to react refiexlv 
(5)- 

g. Connecting neurons, intercala- 
ted in order to conduct stimuli over 
greater distances, or to transmit a 
stimulus from one cell to several 
other neurons (a and 3). 

4. The cortical neurons of the 
cerebrum, in which the stimuli of 
the outer world, such as cold, heat, 
pain, etc., are brought to the indi- 
viduaFs consciousness (4). 

The Sensory Neurons. In Figure 
^>67 we see a number of sensory cells. 
These ceils differ in their structure 
from the motor neurons. Extern- 
ally they are generally surrounded 
by nerve fibres that end as fine fila- 
ments at the cell or are wound 
around it in the form of spools. 

Reporting Fibres 

These fibres apparently transmit 
external stimuli to the cell, thus 
keeping it constantly informed con- 
cerning the state of tension in the 
muscle fibres, the temperature of the 
skin and the blood, the position of 
the hair, etc. Ail sensory neurons 
communicate with other neurons at 
their central terminations. Each 
sensory neuron has a number of such 
connections. 

The Motor Neurons. Having re- 
ceived the stimulus by means of its 
long afferent fibre, the sensory cell 
re-works it in some manner as yet 
unknown to us and transmits it by 
means of a filameh t con tact to a 
motor cell. This cell transforms the 
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received stiiBiiIus into an action cur 
rent which it sends through its' long 
efferent nerve fibre to the organ that 
is to respond to the stimulus — for 
example, to a muscle that contracts, 
or to a gland which secretes [Fig. 266 
(1). (2), (5)1- 

The Connecting Neuron. If the 
sensory , and motor cells are not in 
direct contact, a connecting cell (an 
internuncial neuron) links them by 
means of its processes. The cortical 
ceils [Fig. 266 (4)] of the brain lie 
high above all the other cells like 
Alpine huts above the valleys, and 
are accessible to stimuli only 
through connecting neurons that 
conduct the stimulatory currents 
through the spinal cord to the brain 
cells (2-3). 

Cause and Effect 

The Reflex. The body ^usually re 
acts at the point where it is stimu 
lated. If a finger is pricked with a 
pin, the hand is at once withdrawn; 
when a foreign body enters the eye, 
it is immediately closed. The nerve 
stimulus passes from the periphery 
of the body to a sensory cell in its 
interior, w'here it is transmitted to 
a motor ce.ll and returns to, the point 
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of stimulation as an action current. 
It travels like a ray of light reflected 
by a mirror; for this reason the en- 
tire process of stimulus reception 
and stimulus response is known as a 
“reflex." 

Oecnonstratiug the, Reiex 
One can quite easily demons- 
trate a reflex to oneself by standing 
in front of a dark or partly dark- 
ened mirror and suddenly flashing 
a light into one’s eye. Approxi 
mately three-fourths of a second 
later the pupil contracts. The light 
stimulus passed from the eye intc 
the brain, where it stimulated a sen- 
sory nerve cell. The latter transmit- 
ted its excitation to a motor cell, 
which sent an action current to the 
pupillary muscle in order to contract 
the pupil and thus protect the ilium 
inated eye. In Figure 266 the reflex 
path passes upwards from (1) to (2) 
(sensory), and returns by way of the 
motor neuron (5) to the arm muscle 
to be moved. The reflex is the sira 
plest and most general activity of the 
nervous system. More than ninety 
per cent of all actions in the nervous 
system are reflex actions, and most 
nervous organs are reflex devices. 
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The Sympathetic Nervous 
System 


AUTONOMOUS NERVOUS SYSTEMS. AUTONOMOUS SYSTEM OF THE 
HEART. AUTONOMOUS NERVOUS SYSTEM OF THE INTESTINE. THE 
SYMPATHETIC NERVOUS SYSTEM. VAGUS AND • SYMPATHETIC 
SUBSTANCES. SENSATION AND THE SYMPATHETIC. HYPNOSIS. 


F or the sake of simplicity we say 
that man has two nervous sys- 
tems; the synipathetic or abdominal 
nervous system, and the central 
nervous system, consisting of the 
brain and the spinal cord. Actually, 
however, the body contains an en- 
tire series of independent or autono- 
mous nervous systems. One of the.se, 
the autonomous system of the heart, 
has already been mentioned (see 
pages 150-151). 

Cell Targets ” 

The Autonomous System of the 
Heart. The nervous s)’srem of the 
heart is a typical reflex apparatus 
[Fig, .268 (I)]. At the point where 
the venous blood from the organs 
flows into .the heart (a, b), 'Sensory 
ceils are located within the wail (c). 
Like targets in a shooting gallery 
they register the number of i.mping- 
iiig carbo.n dioxide molecules and 
transmit the stimulatory impulses to 
t,lie motor cells (d), which now send 
action: currents to the muscle fibres,, 
so that t,hey .contract (e).. The car- 
diac nervous system, is a , reflex ap- 
paratus which,, . autoinaticaliy regu- 
lates the, rate of the T,ear£, .according 
, to' the' carbon' dioxide, content '.of the 
blood. Owing to ' its autonomous 


nervous system, the heart is in large 
measure independent of the life of 
the body, and can be maintained 
alive and beating outside it. The 
heart exhibits remarkable similar- 
ities to such lower animals as the 
medusas (II). Whoever has observed 
a medusa floating in the ocean, how 
it sucks in the water and expels it 
again, has seen a living model of a 
functioning human heart. A medusa 
is a “ human heart ” floating in the 
ocean; the heart is a medusa pulsat- 
ing in the human breast. 

The Autonomous Nervous System 
of the hitestine. The heart is a 
medusa; the intestine, a worm. In 
Figure 269 two sections, one of an 
earthworm, the other of an intestine, 
are shown alongside each other, and 
we can compare the great similarity 
of their nervous systems. 

Earthworm and Intestine 

The worm (I) receives external 
stimuli through receptor cells situated 
in its skin (a). The stimuli are then 
carried by afferent fibres into the 
worm's interior (b). Flere the stimu- 
lus is transmitted to motor cells (c), 
and conducted through their nerve 
fibres to the muscles, causing them 
to contract (d). The body of the 
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worm is constructed segmental ly, 
and each segment has its own reflex ' 
apparatus. These apparatuses are' 
linked by iiiternuncial or connecting 
iieiiroiis (b), so that the stimulus and 
with it the movement produced are 
propagated in a “ vermiform ” 
fashion. 

The autonomous nervous system 
of the intestine is constructed in a 
similar manner (II), but the ar- 
rangement is the mirror image of 
that of the earthworm — that is, the 
stimuli are not received from with- 
out, but rather from within (a); the 
sensory receptor cells are not 
located internally, but externally 
(b); and the motor cells lie together 
in groups (c). The intestine is also 
arranged segmen tally, the cell groups 
of each segment being connected by 
internuncial cells. The movements 
of the intestine within us resemble 
those of a worm, and one can best 
obtain an idea of the wriggling 
movements of the intestine by plac- 
ing an earthworm, a caterpillar, or a 
maggot on a table and observing its 
movements. The intestine is a 
worm suspended within the body, 
and just as an earthworm swallows 
earth, the intestine gulps down food, , 
extracts from it the nutritious 
elements, and expels the residue at 
its other end. 

Activity After Death 

Because it possesses an autono- 
mous nervous system the intestine 
can live as independently as the 
heart. In slaughtered animals the 
movements of the intestine, can be 
observed for many hours after 
death. If a piece of intestine is sus 
pended in a warm nutritive medium, 
it lives for days and continues to 
function. If a rubber ball is placed 
in its upper orifice, it begins to 
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.‘' choke*' on this .“ bolus.’*. and, with, 
the rhythiiiic movements of ' the 
normal intestine carries it down-,, 
ward until it is expelled at .t,lie other 

end [Fig. ^70]. 

There are many autonomous 
nervous systems like t,hose of the 
heart and the intestine. Most of the 
organs probably have their own 
nervous syste,m.s, but they ■ arc not 
yet known in detail, .because, t.he 
other organs are not as free and 
mobile as the heart and intestine. 

Mutually Opposed Nerves 

The Sympathetic Neraous System. 
The greatest of these autonomous 
systems is that comprising the sym- 
pathetic and the vagus, a tremen- 
dous network of neurons, which can 
be untangled only with great diffi- 
culty. Spreading downwards from 
the brain to all the viscera and all 
the tissues, it extends to the most 
remote parts of the body, to the skin 
of the fingertips and the capillaries 
of the soles of the feet. So far no 
one has succeeded in achieving ulti- 
mate clarity regarding the organiza- 
tion of this gigantic nerve structure. 
Figure 261 shows the chief ramifica- 
tions of one part, the vagus, and 
Figure 271 those of the other, the 
sympathetic. The directing cells of 
this dual system are situated, in part, 
in the depths of the brain as the 
metabolic centres that have already 
been mentioned: the respiratory 
centre, the water centre, tempera- 
ture centre, thirst and hunger 
centres, the vasomotor centre for the 
regulation of vascular tension and 
blood distribution, etc. Another 
group of cells is located in the gan- 
glia alongside the spinal column or 
in the trunk and neck in the form 
of such nerve structures as the caro 
tid plexus, the solar plexus of the 
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Fig. 269. An earthworm (i) and the human intestine ( II) present the same fundamental 
features in their nervous organization. Hence, their reactions are very similar. 

plex and have not yet been entirely 
elucidated. The sympathetic elicits 
all those reactions that aid the work 
of the body. It accelerates cardiac 
activity, contracts the dermal vessels, 
and dilates the bronchi so that more 
oxygen enters the blood; it mobilizes 
the sugar from the liver, so that the 
muscles will receive materials to 
carry on their function, etc. The 
action of the vagus is opposed to 
that of the sympathetic. It stimu- 
lates intestinal activity so that the 
individual may feed during the 
period of recuperation; it stimulates 
the kidneys in order to remove the 
wastes of the body. It slows down 
respiration, cardiac activity, and the 
circulation so that the body may re- 
cuperate. 

Vagus and Sympa the tic Substances. 
Like ail the organs the hormonal 
glands are also included within the 


epigastrium, and innumerable other 
ganglia in other parts of the trunk. 
Ganglia, or nerve nodes, are larger 
groups of nerve ceils located within 
a common membrane and forming 
a community of labour. 

The cells of the metabolic centres 
in the brain as well as those of the 
ganglia in llic trunk send out two 
kinds of nerve currents: a driving 
current and a braking current. The 
ceils that emit the driving current 
are .called sympathetic cells, w.hile 
those which produce the braking 
curren t , . are cal led parasympathetic 
or vagus cells. These latter received 
their name because the old anato- 
mists found 'a thick nerve 'bundle 
which they were unable to trace to 
any specific destination and- there- 
fore named it “ vagus,’' or vagabond. 
The inter-relations of the' sym- 
pathetic and the vagus are very com- 



Fig. 270. The activity of the intestine, tike that of the heart (Page 148 and Fig. 120) can 
be maintained for hours after death, because it has its own nervous system. A rubber 
ball inserted into a length of intestine is carried through it and later expelled. 
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.network of the sympathetic system 
and their secretions depend upon 
whether they are stimulated by the 
vagus' or the sympathetie.. If.- the 
adrenal is stiniuiated by the sym- 
pathetic, its medulla secretes adren- 
alin, which produces sympathetic 
effects. If, however, the adrenal 
is stimulated by the vagus, the cortex 
of the gland secretes choline, a sub- 
stance producing diametrically op- 
posed effects. The nerve currents 
act on alT the other organs of the 
body just as they do on the hor- 
monal glands. When the brain sends 
an action current to a muscle fibre, 
a substance called acetylcholine 
forms at the point of contact be- 
tween the nerve and the muscle. 
This substance initiates the process 
of coagulation, which is the cause 
of muscular contraction. Acetyl- 


choline appears only a fraction 
of a second; then it is desi roved by a 
ferment. Tlie entire process occurs 
with approximately the same speed 
.as the vaporization, compression, ex 
plosion, and expulsion r>f the gas 
mixture in a motor-car engine. In 
some individuals the ferment is ap- 
parently too powerful and destroys 
the acetylcholine so rapidly that no 
muscle contraction takes place. Such 
a person is unable to contract his 
muscles. Until the discovery and 
elucidation of the process described 
above, the essential nature of myas- 
thenia gravis, as this disease is cal led, 
was unknown,, and the condition was 
considered hopeless. After it had 
been discovered that muscular con- 
traction was an enzymatic process, it 
then became possible to look for a 
substance which would act as an 
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anti-ferment and weaken the exces- 
sive action of the ferment. Such a 
siibstaiice was actually discovered in 
the form of physostigmin. If a 
patient ' suffering with myasthenia 
gravis is injected with this substance, 
he can move his muscles as long as 
the drug is effective. 

Sensation and the Sympathetic. 
Man senses or feels with the cells 
of the cerebral cortex and perceives 
only those stimuli which present 
themselves’ to these cells. We re- 
main unconscious of, or perceive 
only dully, anything that occurs in 
the domain of the sympathetic nerv- 
ous system. The organs supplied 
by the sympathetic lack sensation. 
The intestine can be cut, yet the in- 
dividual affected will not feel it. 
When Greek mythology relates that 
Prometheus was punished for steal- 
ing the fire of the gods by the eagle 
of Zeus devouring his liver daily, 
causing him to suffer dreadful pain, 
the legend incorporates a medical 
error. Prometheus could have ex- 
perienced no more pain when the 
eagle devoured his liver than a 
tuberculous patient does when the 
tubercle bacilli make holes in his 
lungs, giving them the appearance 
of a Swiss cheese. In the sympathetic 
system there are no definite feelings 
such as pain, but only dull, unde- 
ffned .sensations such as the -feeling 
one, experiences when riding up or 
down in an elevator, the gnawing 
sense ■ of hunger., or the feeling of 
paralysis, induced by 'fear. 

Operating Wiflioiit Pain 

In operations on man for re- 
section of the intestine, the cutting 
and repair of the .intestine may be 
carried out without any anaesthetic 
and without, causing, pain to the 
patient if the abdomen has been 
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opened under local or general 
anaesthesia. However, impulses 
which may reach consciousness and 
produce a sensation of pain can 
arise in the afferent nerves of the 
viscera in consequence of particular 
types of stimulation, such as disten- 
sion or compression, most frequently 
in connection with pathological pro- 
cesses. Such pains are not localized 
in the viscera, but are referred to 
certain parts of the skin. This fact 
is utilized in diagnosing the nature 
and site of visceral disease. 

Controlling the Sympathetic 

Just as the pain sensations of the 
viscera are not brought directly to 
the consciousness of the individual 
because there are no connecting 
nerve paths, so, conversely, volitional 
impulses cannot descend from the 
cerebrum to the organs in the 
domain of the sympathetic system. 
We are unable to give orders to our 
viscera, and it is a moot question 
whether the intestine belongs to us 
or whether we are not rather subject 
to our intestine. Be that as it may, 
it is nevertheless true that the nerv- 
ous system, like other organs of the 
body, is subject to the law of train- 
ing. Training develops the cells and 
conduction tracts of the nervous 
system. If such exercises are begun 
early enough, the volitional centres 
of the cerebral cortex can attain a 
certain degree of control over the 
fibres of the sympathetic system. 
Upon this fact are based the so- 
called miracles of Oriental fakirs, 
such as the voluntary alteration of 
the heart rate mentioned above 
(pages 152-153). The fakir can quick- 
en or retard his pulse; he can slow 
down his respiration and his meta- 
bolic processes to such an extent that 
he can be buried for ten days with- 
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oul being stiff otai eel. Sucii abilities 
are ■ occasionally clisc^n’ered as curio- 
sities in every large group of liuman 
’*i’ ' beings. One finds individuaJs who 
i Ti* innervate their pupils at will, or 

sweat at a command; in- 
deed,, there arc individuals who can 
control very liniiicd portions 
body, who are able to perspire 

only on the right side of the chest 

a sleeplike condition of the ttervous 
system, as yet unexplained, in which 
it is possible to inhibit or to stimu- 
individual nerve 
cerebrum but also those 
1 of the sympathetic system. If a pen- 
\1 cil be pressed against the hand of 
^ good subject during the hypnotic 
state, while at the same time he is 
it is a red-hot rod, the 
' skin at the point of contact will be- 
come red under the influence of the 
unnaturally strong power of im- 
agination and volition, just as if the 
pencil were actually a red-hot rod. 
Indeed, even blisters may arise. On 
other hand, the sensation of pain 
^ may be inhibited to such an extent 

that a needle may be drawn through 
the subject’s body without the 

the tonus of the musculature niay^be 

can be laid on the top of 
twoy chairbacks for hours without 

Fig. 271. The sympathetic nervous 
system combines with the vagus. (Fig. 

^ ^ (complicated network 

of neuronSy extending from the brain to 
i f»f I p^rtv of the body. Here y along the 
I spine, can be seen the sympathetic ganglia. 
Also visible are the large plexuses of the 
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I'HE WEicarr of the brain, sleepy sickness, anesthesia. 


T he sympathetic nervous system 
is the sum tutai of ail the nerve 
cells and their hbres (neurons) that 
supply the viscera. The neurons 
that control tlie sensory organs of 
the skin and the skeletal muscles 
have collected along the raidline of 
the back between the skin and the 
skeleton as shown in Figure 113 (b) 
and are protected by the backbone 
(c). , Here they form a long cord, 
the spinal cord, of which tlie an- 
terior end has enlarged to form the 
brain [Fig. i?i]. .In contrast to the 
sympathetic system the; brain and 
spina! cord are called the central 
nervous system.” 

'fhe Segmental Arrangement of 
the (Unitral Xeraous System. In the 
earlier stages of its embryoiogical de- 
velopment the human body possesses 
a, segmental structure [Figs. 23, 25]. 
Corresponding to tliese segments the 
central nervous system during its 
early developmental stages is noth- 
ing but a series, of nerve nodes, gan- 
glia, arranged one behind another 
I Fig. 272]. . Three of the uppermost 
ganglia .grow together to form the 
triplet nerve, tlie trigeminus, of 
which the upper !)ratK:h supplies the 
eye, the middle branch the upper 
jaw, and the lower branch the lower 


jaw (Tr). The lower ganglia grow 
together, forming a continuous rod 
which is ingeniously suspended in 
the bony canal of the vertebral 
column and is called, the spinal cord 
‘kll- ^"he segmental structure 



Fig. 272. A human embryo at the age oj 
four weeks (natural size: | inch), showing 
how the nervous system is constructed in 
segment sy At this stage of development, 
the nervous system consists of approxi- 
mately forty nerve nodes, or ganglia, 
which later grow together to form the 
■ ■ ' ■ : brain and the spinal ^ cord. 
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of the spinal cord is still discernible 
externally. Thus the sensory ceils 
have not grown together with all the 
other cells to form the spinal cord, 
and have remained suspended like 
a string of pearls outside the spinal 
cord in the form of individual gaii- 
giia [Fig. 33 Besides, the 

peripheral nerves that leave the 
spinal cord are distributed over the 
body along sharply defined segments. 
If the skin areas supplied by the 


glia, red vesicles appear on the skin, 
being limited with inathematical 
precision to those areas supplied by 
the affected segments [Fig. x>74]. 

Grey and White Substances. If 
one cuts through the spinal cord, 
the cross-section presents the picture 
shown in Figure 275: a grey butter- 
fly figure on a white ground. In 
the grey substance lie the nerve cells, 
while the nerve fibres that arise from 
them traverse the white substaiicc. 



Fig. 273. This is not the variegated costume of a circus clown, but a diagram showing 
how the nerves from the segments of the spinal cord are distributed over the skin. 


individual segments are demarcated, 
one obtains the comical figure shown 
in Figure 273, which represents the 
human body subdivided according 
to its segmental nerve supply and 
not a circus clown in tights, as might 
be imagined at first sight. 

Shingles (Herpes Zoster). A know- 
ledge of this segmental distribution 
is of the greatest importance for the 
recognition of nervous diseases, since 
the distribution of the lesions per- 
mits one to deduce the location of 
the disease focus in the spinal cord. 
A typical segmental disease is the 
condition known as shingles, in 
which, as a result of a comparatively 
harmless disease of the spinal gan- 


The Reflex Arc. The spinal cord 
is essentially a reflex apparatus com- 
posed of a number of “ segmental ” 
reflex arcs that are arranged one be- 
hind another. The external stimuli 

(a) coming from the skin are received 
by the sensory cells in the ganglia 

(b) near the spinal cord and trans- 
mitted by means of a brush contact 

(c) to the motor cell of the spinal 
cord (d). In response to the stimu- 
lus, the cell sends an action cur- 
rent (e) to the muscles or glands. 
Since the stimulus in its passage thus 
describes an arc, the path (a-e) is 
called a reflex arc. 

The Patellar Reflex. In order to 
demonstrate a spinal reflex, cross 
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your legs 'like the man in Figure 376, 
allowing the crossed leg to hang 
loosely as if it did not belong to the 
body. Now strike the patellar iiga* 
iiient, situated directly below the 
patella, with the edge of the hand 
or a small hammer. The stimulus 
passes from (1) by way of sensory 
cell {2) into the spinal cord, where 
it is transferred to a motor cell (3), 
which now sends an action current 
(4) to the leg muscles, causing the 
leg to twitch, as if one wanted to 
kick an enemy in defence. This is 
actually its purpose, since a reflex is 
essentially an appropriate, automa- 
tic response to an external stimulus. 
The “ mental ” life of lower animals 
with spinal-cord souls ” is hardly 
more than a series of reflex responses 
to the stimuli of the environment. 

Ringing a Be!! 

The process behind the patellar 
reflex is precisely aijalogous to that 
which occurs wlieii we ring tlie bell 
(1) of a closed door, sending a sen- 
sory stiniulus (2) into the irilerior 
of the house, whereupon the door- 
^man answers ihe !:)iizzer stimulus by 
pressing on the motor cell of the 
door-opener (3) and causing the door 
(4.) to open.. 

The Cel! Types of the Spinal 
Cord. Tiie spinal cord consists 
basically of a large number of such 
reflex arcs. Figure 277 illustrates its 
basic structure pattern, which is 
co.mmoii to all vertebrates. The 
sensory neuron passes upwards from 
t,he skill (S) as a fine line. Fach seg- 
ment .has ' one neuron. Near the 
small sensory cells lie the larger 
motor cells, from wfiich the motor 
hbrcs pass as heavy lines to the longi- 
tudinal muscles (L Mu) and the cir- 
cular muscles {C Mu). The pear- 
shaped internunciai cells (IC) con- 


nect the neurons of the various seg- 
ments with one another. The same 
general pattern is present in the 
human spinal cord, only there it is 
much more complicated. 

The Tracts of the Spinal Cord. 
In Figure 277 the sensory fibres, the 
fine lines (se), and the motor fibres, 



Fig. 274 . Shingles is a disease ajjecting 
definite segments of the spinal cord. A rash 
appears upon the skin, limited precisely to 
the area supplied by the diseased nerves, 

the heavy lines (mo), are drawn 
separately. In ail higher organisms, 
however, they run together in com- 
mon cables (like the wires in electri- 
cal apparatus). The human nerves 
are “ mixed nerves.” In them the 
sensory fibres pass upwards from the 
skin to the brain, and at the same 
time the motor fibres run downwards 
from the brain to the muscles. They 
also contain the tonus fibres of the 
muscles, the vasomotor nerves for 
the vascular walls, sympathetic and 
vagus fibres — all united within a 
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comnion cable, the nerve. Both at so that it covers your left ear, nican- 

its origin and at its end a nerve while turning ihe |)ages w'lih your 

breaks iip into individual fibres like right hand, hi the area of the skull 

the electrical cable. Alter arriving covered by the left hand lies the 

in a particular uirea of the body the' motor centre for voluntary move- 

various fibres separate, the motor ment of the right arm. At this 

fibres going to the muscles, the vaso- moment an action current has 

motor fibres to the vessels, and the passed from this centre downwards 

‘' secretory fibres to the glands in through the pyramidal tract to die 

order to activate them to secrete, shoulder. Having arrived here the 

■ , current passes over to the right side 

Nerve Pattern of the Spine . of the spinal cord and ends in the 

Similarly the cable breaks up in terminal filaments of the first 
the spinal cord. The motor fibres neuron. These filaments transmit 
that leave the different nerves unite the stimulatory current to a motor 
to form a uniform motor cable, just cell in the anterior horn of the right 
as do the sensory' fibres, the tonus side of the spinal cord. This cell, 
fibres, etc. These cables run up- as the second neuron, then carries 
wards and downwards through the the current to the muscles of the 
white matter of the spinal cord in right hand. In Figure S79 the player 
the form of tracts arranged in a is kicking a soccer ball. In this case 
definite pattern. Figure 278 shows the current has travelled down to 
some of the principal tracts of the the lowest of the five plates showm 
spinal cord in cross-section, and in within the spinal cord, whence it is 
Figure 279 they may be seen in full carried to the muscles of the thigh, 
length. In both pictures the motor 

tracts that transmit the volitional Strong and Weak Currents 
impulses of the brain to the muscles Besides this anterior tract there 
are drawn in black; the sensory is another pyramidal tract, likewise 
tracts which conduct the sensations consisting of two neurons, tract (2), 
of the body to the brain are light. which takes a different course. The 
The Moioy Tracts. There are two two lateral pyramidal tracts cross at 
motor tracts, called the pyramidal the level of the neck — this is the 
tracts because they pass through a well-known cix^ssing of the pyra- 
part of the brain called the pyramid, midal tracts, shown in Figure 293. 

Tract (1) sends an ig!iition current 
Voluntary Movements to a muscle. After the muscle has 

Since it runs in the anterior part been activated by the ignition cur- 
of the spinal cord, tract (i) is called rent of the anterior pyramidal tract 
the anterior pyramidal tract. His- it is maintained in tension or motion 
t.orically it is the oldest arid most by the weaker current of the lateral 
important tract of the spinal cord, pyramidal tract. By means of the 
since through it the organism sends strong current of the anterior tract 
a volitional impulse from the brain we kick a football or push on the 
to the muscles, producing move- pedals of a bicycle; by means of the 
ment. It is the action tract. Place weak current of the lateral pyra- 
this book in front of you and sup- midal tract we control a pen while 
port your head with your left hand writing or a bow in playing a 




1 

! FiCn 275. A cross-section of the spinal cord^ showing the grey ^'butterjly"' structure in 

! which the nerve cells are located. The path from (a) to (e) through the cells is a "'reflex 

\ arc,^‘' or passage traced by a nerve stimulus (Page 398), 


violin or other stringed instrument. 

Infantile Paralysis. Infantile 
paralysis is an infectious disease 
which occurs cpideinicaiiy> affect iug 
piedonhnantiy children and )oung 
people, although adults may also be 
affected, it centsists essentially in an 
iiiOammation of die motor cells of 
the anterior .horn. If these cells are 
destroyed, tfie volitional tract from 
tlie hrain to the muscles is inter- 
rupted atid the corresponding 
muscles are paralysed. iXIan has 
about Hoo.ooo anlerior-lmrn cells. If 
only a few huudied die, the affected 


individual can bear the loss, and 
notices it only as a certain weakness 
that can be overcome by training 
and the use of adjacent muscles. If 
all the cells of entire segments die, 
however, complete paralysis is the 
result. If the cells that activate the 
diapiiragm are affected, it becomes 
immobile and the individual dies of 
respiratory paralysis. To prevent 
this unfortunate eventuality the 
artificial king ” has been construc- 
ted. This is an apparatus which 
moves the thorax by alternately low- 
ering and increasing the pressure 
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ates in wounds contaminated by 
these materials. I'he toxin, which 
is produced by Uu* bacillus and 
passes from the wound into the 
blood-stream, is one ol' tlie strongest 
poisons. An entire city cati be 
poisoned with a teaspoonf’ul of 
tetanus toxin. It irritates the an- 
terior-horn cells, producing ex- 
tremely painful sustained niuscidar 
contractions, which in turn flood the 
body with fatigue substances to such 
a degree that in severe cases death 
results from exhaustion. Tetanus 
toxin is one of the bacterial poisons 
against which it has been possible 


within the metal chamber, thus 
creating a rhythmic motion of the 
thoracic wall analogous to the 
respiratory movements [lug. 283 
In some cases, instead of placing the 
individual in the artificial lung, the 
respiratory muscles can be stimu- 
lated by electrical currents that are 
substituted for the ignition current 
of the dead anterior-horn cells. 
Tetanus. Two other disorders of 
the motor, anterior-horn cells are 
tetanus and strychnine poisoning. 
Tetanus is caused by a bacillus, 
which lives in street dirt, dung, and 
garden earth, and which prolifer- 


jl Fig. 276. A reflex path functions like an automatic door-opener. In response to the 

j pressure stimulus (1) on the bell button outside the body (in this case, the patellar 

I ligament), the bell of the sensory cell (2) rings in the spinal cord. The motor cell (3) 

;[| responds with an action current ( 4) causing the leg muscles to contract sharply. 
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to prepare an, effective anti-toxin. 
Anyone who sustains a wound con- 
taminated witli^ street dirt should 
receive an injection of tetanus anti- 
toxin as soon as possible, preferably 
on the same day, as a protection' 
against , the danger of any infection 
with tetanus bacilli. 

Shjch nine Poisoning. Strychnine 
poisoning is very similar to tetanus, 
in that the anterior-horn ceils are 
also irritated, producing horrible 
twitchings and tetanic convulsions 
that end fatally within a few min- 
utes. Taken in small doses strych- 
nine is a stimulant and is tlierefore 
coiUaincti in almost all tonics. 

77/c Soisory Tracts. The sensory 
tracts that conduct external stimuli 
upwards through the spinal cord to 
the brain are drawn in white in 
Figures 278 and 279. At the outer 
edge of the spinal cord the lateral 
cerebellar tract (3) runs to the ecjiUi- 
librium apparatus of the cerebellum. 
More medially, in tract (4) lie the 
nerves that inform us of pain and 
temperature sensations. Posteriorly 
lie the tracts ihat transmit touch im- 
prressions (5) and the muscle sense 
arising from muscular tension (6). 
In Figure 279 ifie sensory tracts are 
also characlerized by the circum- 
stance (hat the cells of the first lower 
neuron lie outside the spinal cord 
as ganglia. 

Malntainifig EqaiMbrium 

Fla\ing become well acquain- 
ted with tliese six spinal tracts, we 
are now in a position to understand 
more fully the |>orlrayal of the soccer 
player. B} means of the anterior 
pyramidal tract ( (), he sets his right 
foot in motion to kick the ball. The 
touch tract (9) enables him to fee! 
that he has hit the bail. In order 
not to fall over backwards in con- 
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sequence of the upward motion of 
his leg, the player tenses his raised 
arm as a counterpoise. For this pur- 
pose he sends a tension current to 
the muscles of his arms through the 
lateral pyramidal tract (2). He con- 
trols the position of his body, which 
is balanced on the left foot, through 
the equilibrium tract, which passes 
to the cerebellum {3). The player 
feels the warmth of the sunshine 
through the temperature tract (4). 

Loss of Muscle Sense 

Tabes. Tabes is a syphilitic dis- 
ease of the spinal cord which appears 
ten to twenty-five years after the 
primary infection in approximately 
three per cent of unciu'ed cases. The 
muscle sense, as well as the coiise- 
c][uences of a break in the corres- 
ponding tract of the spinal cord and 
the treatment of the resulting con- 
dition by means of exercises, have 
been described in Chapter VIII. In 
tabes the fibres of tract (6), which 
inform us of the degree of muscular 
tension, disappear. Usually the fibres 
vanish in the lumbar region of the 
spinal cord so that the upper half 
of the individual’s body remains 
healthy, while in the lower half he 
loses his muscle sense and with it 
the ability to stand and walk [Fig. 
282 (3)]. 

Pam. Pain is not, as some believe, 
an enemy of human happiness, but 
rather its protector. It informs an 
individual when his body is being 
injured. When it becomes cold out- 
side, it shouts: “ Go back and fetch 
your gloves, so that your fingtrs 
w^onh freeze.” When the wall of a 
tooth becomes thin, it sends urgent 
telegrams to the brain: “To the 
dentist!” When a nail penetrates 
the sole of a shoe the foot cries out 
at every step: “ Pressure . . . pres- 
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sure . ... pressure. II you don’t re- ■' denly ! smelled .soiriething biirmng 
lieve me of ' this pressure, I shall be ' and \¥hen I loo'ked up 1 saw that, my. 
..chafed and a woiiiid will be created .cigarette .had burned, down mid 
so .that you ..won’t be able to,, walk siiigcxl .the skin .of . my iiiig^ This 
.upon me.” The importance of. pain does not happen to healthy pe,i> 
as a. protector of life is, , vividly .„de- ' son, since a normal individua.l .feels 
monstrated .by diseases in which- the when the heat of ,a , burning ' ciga.r- 
patient loses his pain, sense.' ette comes close to his .finger and ex- 

Syringoniyelia. This is a disease dnguishcs the cigarette. This man, 



characterized by the occurrence of 
flute-like cavities extending for a 
variable distance in the pain and 
temperature tracts at the level of 
the neck. The pain and tempera- 
ture fibres connecting hand and 
brain are intexTupted. An in- 
dividual boasts at the table that the 
teapot isn’t so hot. Why, he can 
touch it without burning himself. 
And he imagines himself a hero — 
actually he is the victim of a disease 
situated in his neck. Generally the 
patient comes to the physician with 
wounds on his fingers. “ I must 
have struck my finger while ham- 
mering in some nails last week. It 
didn’t even hurt, but the wound 
does not heaL” It does not heal 
because the patient does not lake 
care of it, since his sensitivity for 
pain is decreased. Or he comes to 
the doctor with the typical story: 
“ I became so absorbed in read- 
ing that I forgot everything. Sud- 


Fi:g. 277. Schematic 
diagram of ihe .spim! 
cord. Passing ■ upward 
from the : skin (S) are 
the sensory neurons 
(se). The heavy lines 
(mo) \ represent' the 
motor fibres. The inter- 
nuncial cells (IC) fink 
up the different neur- 
ons. This basic struct- 
ural pattern is com- 
mon to all vertebrates. 

however, did not feel it because the 
pain and temperature tracts in the 
cervical region of his spinal cord had 
become cracked [Fig. 285 (1)]. 

Leprosy. The frightful mutila- 
tions of leprosy, where fingers, toes, 
nose, or ears may be lost, are due 
to a loss of pain sensation in the 
course of the disease. The leper 
burns his hands, or lets them freeze, 
or he may lie for hours on his arm 
so that the circulation is disturbed 
and the arm dies. Pain is harsh, 
merciless, and often senseless, be- 
cause the body functions automati- 
cally by means of reflexes and is only 
adjusted to normal conditions. 

The Rhomboid Fossa and the 
Vital NodeT Where the spinal 
cord passes over into the brain, it 
widens out, forming the medulla ob- 
longata [Figs. 280 (a), and f>8i (£)], 
which encloses a lozenge-shaped de- 
pression, the I'homboid fossa [Fig. 
;^8o. (b)]. In this depression lie the 
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frequently meiit'ioned , ^ metabolic' 
centres, whose irijiiry causes. immedi- 
ate death. 'In addition to these meta- 
bolic centres the medulla oblongata 
also, contains an entire series of cen- 
tres in which the stimuli that have, 
been conducted thither by the spinal 
tracts are collected and arranged in 
the form of “ sti'mulus images ” for 
transmission to higher nerve centres. 
This arrangement of individual 
stimuli to form “ stimulus images ” 
is a general and important process 
iti the nervous syste.m. Consider this 
page. It is composed of individual 
letters, each of which was put in its 
place by pressure on the keys of a 
machine resembling a typewriter. 
The pressure on the keys was exerted 
at definite times and in accordance 
with a certain pattern, producing as 
a final result an entire page. To- 
gether with others this page was 
then printed by a printing press. 

Comparison with Television 
III reading these sentences and 
looking at this page, a very similar 
process takes place in our nervous 
system. The individual stimuli re- 
ceived by the sensory organs are col- 
lected and arranged in the form of 
a stimulus image in certain centres 
of the medulla oblongata, which is 
Chen sent to the higher centres of 
consciousness. This comparison 
with tile work per,formed by the -com- 
positor is easily comprehensible, but 
one probably comes closer to a true 
understanding of the processes in the 
nervous" system if television a'n.d the 
processes underlying it a,re used for 
comparison. In television a large 
number of individual dots of a pic- 
ture are transmitted in extremely, 
rapid serial succession in the form 
of individual electrical stimuli, and 
are then reconstituted into a picture 


on 'a- disk con.sistiiig of dots. The 
passage; of nerve sti.niuli in the form 
of current impulses through the 
spinal, cord and their reconstitution 
to stimulus images in the medulla 
oblongata must be conceived of as 
being quite similar. In daily life we 
hardly ever work with individuai 
stimuli, but almost always with such 
composite stimulus images. Close 
your eyes and touch the paper of 
this page with the tip of your finger. 
We cannot do very much with this 
single stimulus. If we did not know 
that we were touching a book, we 
could not derive this knowledge 
from this single stimulus. Now let 



Fig. 278. The tracts of the spinal cord 
which are grouped around the ^"butterfly"' 
figure (Fig, 275), They comprise motor 
and sensory tracts. The motor tracts 
(dark) are: (1) anterior pyramidal tract,, 
which conveys contraction currents: (2) 
lateral pyramidal tract, which conducts 
tonus impulses. The sensory tracts (light) 
are: (3) lateral cerebellar tract, conduct- 
ing impulses for maintaming equilibrium; 
(4) temperature and pain tracts; (5) tract 
for touch; (6) tract .for the ■muscle., sense. 
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US take the entire book in' both 
hands. Immediately we conclude: 

“ This is a book.” We have received 
a large number of stimuli; we feel 
its thickness, format, weight, that it 
consists of covers and pages, and 
from ■ all these stimuli we form a 
sti|iiiiius image that we send in its 
totality to the cerebral cortex, which 
concludes: “ This is a book.” 

The Olive, DeitersT Nucleus, and 
ihe Reticular Substance, The struc- 
ture labelled (Ol) in Figure i>8o is 
known as the “ olive ” or olivary 
body. It collects the stimuli of the 
body in walking and standing and 
thus niakes it possible for us to walk 
and to stand. A neighbouring ap- 
paratus, Deiters’s nucleus, controls 
the relations betw^een head posture 
and eye position. A seeing indi- 
vidual is like a camera walking 
through the world on its tripod and 
taking pictures. In order that the 
pictures be properly focused the 
eyes must continually be automati- 
cally adjusted to any changes in the 
position of the head. 

Complex Actions 

This continually varying adjust- 
ment is made by the static appara- 
tus of Deiters’s nucleus. Near it lies 
the “reticular substance.” This is 
a switch which shifts olfactory and 
gustatory stimuli arising from food 
over" to the muscles engaged in .swal- 
lowing. Like standing and walking, 
swai!owing;is a very complex collec- 
tive action of a number of muscle 
groups. The chief control is exer- 
cised by ihis reticular substance. If 
it is destroyed, the individual can 
no longer swallow. The medulla ob- 
longata contains dozens of such 
mechanisms, perhaps more than a 
hundred. In its totality the medulla 
is about as large and as heavy as a 


boiled egg after the shell is removed. 
It can easily be held in the palm 
of the hand. Yet there is nothing 
on earth equal in size and weight 
to this piece of nerve substance, 
which is located between the spinal 
cord and the rest of the brain, that 
incorporates with in it so many 
highly complex pieces of technical 
mechanism. 

Observatory of the Body 

The Cerebellum, The largest 
equilibrium switch between the 
spinal cord and the brain is the cere- 
bellum. It is as large as an orange 
and is attached to the inferior sur- 
face of the cerebrum [Fig. s8i (g)]. 

In order to obtain a picture of the 
remarkable structure of the cerebel- 
lum, take an orange or a tangerine 
and remove the skin. Just as an 
orange is composed of sickle-shaped 
sections, so the mass of the cerebel- 
lum is arranged in “ leaves,” and like 
the sections of an orange each leaf 
is at a slight angle to its neighbour 
[Fig. s8i (g)]. If one cuts through 
the cerebellum, the sectioned surface 
presents the leaf-shaped appearance 
shown in Figure 387 (f). The cere- 
bellum is an apparatus for spatial 
orientation; it is the astronomical 
observatory of the human body. To 
obtain some idea of the arrangement 
of the astronomical instruments in 
the cerebellum, take several slices of 
bread and some small radishes and 
make a model like the one shown 
in Figure 285. The bread slices are 
the cerebellar leaves; the knitting- 
needles are the fibres that connect 
the apparatuses of the leaves. 

When this basic plan is un- 
derstood, one can then go on to 
study the natural relations as repre- 
sented in Figures 284 and 285. The 
numbers in the two pictures corres- 
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Fig. 280. The central station of the nervous 
system: the medulla oblongata, where the 
tracts of the spinal cord terminate and 
transmit their impulses to other tracts, and 
where the vital centres for respiration, 
blood-pressure, muscle tension, etc,, are 
situated. Death occurs, inevitably if these 
vital centres are destroyed. 

pond. Figure 284 is a diagram, 
Figure 285 is a simplified picture of 
the microscopic structure of the cere- 
bellum. First let us study the dia- 
gram. The cerebellum is not the 
sensory organ of equilibrium, but 
the organ for the regulation of 
equilibrium. The cells for the per- 
ception of our position in space are 
in the inner ear. Close your eyes 
and move your head about; at any 
moment you are aware of the posi- 
tion of your head. We owe this per- 
ception to the organ of equilibrium 
(x). Through connection (2) this 
organ sends reports to the cerebel- 


lum regarding the position of the 
head. These reports are transmit- 
ted to the large Purkiiije ceils (P) — 
so called after the Czech scientist 
Purkinje, who discovered tliem — 
through connection (g). Secondly, 
through the muscles that communi- 
cate their state of tension to the cere- 
bellum, the Purkinje cells receive in- 
fortnation regarding the position of 
the trunk and the limbs. Out of 
the totality of these stimuli a stimu- 
lus image is composed which gives 
the cerebellum a conception of the 
spatial position of the various parts 
of the body. 

The Cerebellum at Work 

These sensations of tension from 
the muscles are first perceived by 
means of the spindles. They then 
pass from the muscles (4) by way of 
the sensory nerves (5) upwards 
through the lateral cei'ebellar tract. 
Then the impulses travel over con- 
nection (7) to the T-cells (8), so 
called because their fibres (9) ramify 
in a T-shaped pattern so as to com- 
municate simultaneously with the 
Purkinje cells of several leaves. The 
internuncial cells (xo) connect ail 
the Purkinje cells of each leaf so that 
they form a unit. Between the Pur- 
kinje cells lie the large Golgi cells 
(li), whose function is unknown. 
After the cerebellum has registered 
the received stimuli and derived a 
picture of the position of the head 
and limbs from them, it responds to 
the stimuli with appropii ate reac- 
tion currents and movements. From 
the Purkinje cells an impulse passes 
downwards thx-'ough connection (12) 
to the dentate nudeus (13) in the 
medulla oblongata, where it is shun- 
ted to the lateral pyramidal tract 
(14). The impulse then ti'avels 
through this tract down the spinal 
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switch is constructed and functions. 
All parts of the brain work like the 
cerebellum, but, of course, with cor- 
responding modifications; and if one 
wanted to describe all of them in 
equal detail, the information woiiid 
certainly fill a volume of an encyclo- 
ptcdia. To be sure, 'aiiat has been 


cord and through the motor nerves 
(35) to the muscles (i 6). 

The structure and the function of 
the cereberium have intentionaily 
beeri presented in somewhat great 
tictlil, so that by means of this ex- 
am])Ic one may obtain an idea of the 
manner in which such a nervous 
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Fi6. 282. Three serious diseases of the spinal cord. (1) Syringomyelia, a sufferer 
from which may unconsciously burn and injure his fingers because the pain and tempera- 
ture tracts have been destroyed. (2) Infantile paralysis, which paralyses the diaphragm. 
(3) Tabes dorsalis; the nerve tracts for muscle tension in the legs degenerate. 
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described here is only a sketchy ap-- 
proxiriiation to the truth, for what 
we see spread out over a page in 
Figure 285,13 compressed within the 
space occupied by a farina granule, 
and where one connection is drawn 
ill the picture, there are actually 
.seventy-five. 

Loss of the Cerebellom 

In each aniinal the development 
of the cerebellum corresponds to the 
mode of locomotion of the animal. 
The sluggish carp has a. sinali cere- 
bellum, tire mobile salmon a large 
one. A sheep has a small cerebel- 
lum, while the horse, which is tall 
and maintains its lialance in a man- 
ner as skilful as it is elegant, has a 
splendidly developed cerebellum 
[see Fig. 309]. 

• Diseases of the Cerebellum. If a 
dog is deprived of half its cerebel- 
lum, it loses the ability to walk in a 
straight line. If a bowl of food is 
placed at a distance of about three 
feet from the dog, it runs towards 
it but passes by it laterally like a 
comet near the sun. Now if the dog 
is deprived of the remaining half of 
the ceixbellum, one might expect 
that the dog would be totally unable 
to walk. This is not so, however. 
After the removal of the second half 
of the cerebellum the clog walks nor- 
mally again. The same is true of 
man. In diseases affecling only part 
of die ccreficllum, die affected in- 
dividual loses his ecjuilibrium, suf- 
fers from cereiielhir vertigo, and 
assumes compiilsi\ c attitudes. How- 
ever, if a person is i>orn without a 
cerebellum, he exhibits no peculiari- 
ties. Indeed, die condition is first 
discovered after death. 

The Exira-P\rami(lal System. The 
astounding fact that such a large aud 
marveilously constructed part of the 


brain as the cerebellum can be com- 
pletely eliminated without causing 
any perceptible disturbance of the 
organism is explained by the equally 
astounding circumstance that the 
human nervous system is in 
the midst of moving. Owing to the 
adoption of an erect position by the 
body and the liberation of the arms 
for work, the jaws were relieved of 
a heavy burden and became smal- 
ler. As a result, space became avail- 
able in the skull, so to speak, for 
expansion! The brain then opened 
new departments and is today in the 
midst of these alterations. The cere- 
bellum is moving to the front, and 
near it, situated in the brain stem, 
just in front of the cerebellum, there 
is already a new telephone exchange. 
When the cerebellum is out of order 
and unable to function, the indi- 
vidual employs the new telephone 
exchange. This new department is 
called the extra-pyramidal system 
because it is situated extra-pyra- 
midally and does not employ the 
classic pyramidal tract for its con- 
nections. Figure 287 shows the 
human brain in cross-section. Pos- 
teriorly at (f) we see the oak-leaf pat- 
tern of the sectioned cerebellum; in 
front of it is the brain stem, shaped 
like the knob of a walking-stick. 

Personal Traits 

Within this structure the extra- 
pyramidal system, shown b}' dark 
lines, has developed as a com- 
plicated network of neurons and 
switches which regulates the finer 
and more delicate movements, ten- 
sions, and actions of the muscles. 
Everyone moves about, but each in- 
dividual exhibits some personal 
characteristic in his movements. 
Every painter has his characteristic 
“stroke’’; similarly every violinist, 
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orator, and some .in- of the knver aniiiials— perception 

dividual peculiarity. Historically the and instinclivc aciion. 
extra-p}'raiiiidal system is a recent Primary Pena' j)! i oil M1ie neurons 
acquisition and deveiops relatively of the senscrry ()roans encl in thegain 

late, not until after the age of three, glia of (he brain stem. P>o{h the 

lujr this reason children cio not learii optic ner\e [Fig. tuf) (l) j and the 

to dance,, sing, write, or paint sooner, acoustic ner\e [Fig. {g}] lennin- 
ft likewise degenerates and grows ate here, as well as ail the tracts that 
old quite early. pass u|)wards through the spimil 

Paralysis agitans — a constant tre- cord from the sensory organs of the 
mor and shaking of the liands or the skin [Figs. 279, 294]. means 
head combined with a mask-like ap- of the cells situated here, living creti- 
pearance of the face — is an affection tines perceive the world, but with- 
of the extra-pyramidal system in out recognizing it -that is, without 
later life. remembering it, or continuing to 

llir Brain Stern. The brain stem think and feci about it. When we 

is coinj^osed of a number of large see a rose, we iinmediately begin to 

ganglia. Tlte brain stem is the an- tlnnk about it. We recall that it is 
cienl brain of animal history, the a r(>sc\ that it has a beaiUiful odoiir, 
brain of the lower vertebrates. A that it })ears tliorns, and are happy 
carp has only a bi'ain stem without over the recurrence of an experience 

any cerebrum covering it [Fig. 287]. we know to be pleasant, which is 

Fhe ganglia of the brain stem are p'erhajrs bound up willi happy 

liie seat of the two judmitive mental memories of home. l)eautiful gar- 

{’unctions that comprise the psyche dens, holiday trips, and so forth. All 



Fig. 283. A model of the cerehellimu made out of radishes and slices of bread, fastened 
together with knitting needles. The slices of bread correspond to the leaves, or convo- 
lutions, of the cerebellum, the radishes to the equilibrating apparatus of the Purkinje 
cells. The needles represent the connecting ‘T” fibres, (See also Figs. 284 and 285), 



Fig. 284, The cerebellum receives reports from the organ of equilibrium ( 1), and regu- 
lates muscular tension (16) through the equilibrium tract (13) and spinal cord (14), 

these iiieiUal processes occur in the being retained, like a street scene on 

cerebrum, not in the i)rain stein. A the focusing screen of an open 

iish lias no cerebrum. It is a brain- camera. The brain-stem creature 

stem animal; it perceives only that lives, but it does not have any last- 

wiiich is momentarily present. In ing experiences; it has no memories 

an iiour it may perceive the same of the past nor hopes of the future, 

object and again tomorrow, yet each but knows only the impressions of the 

time it will be as new as it was the present. 

lirst lime. Only animals with a cere- Instincls. Instincts are certain in- 
brum can be trained. At birth man nate, stereotyped forms of bdtavioiir 

is also a brain-stem creature. A new- in animals which are inherited be- 

born child cries when it is cold and cause they are indispensable for sur- 

protests when it is da/zled by a light. vival and consequently runctiun 

it experiences the present moment automaticaily. A newborn inl'ant 

and everything passes by it without sucks at the mother’s breast alt iiough 
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it knows nothing about food, A bird 
builds a nesL suited to the number, 
size, and special needs ol;' the coming 
young and iiatchcs them although it 
iias never seen a nest and knows 
nothing about birds’ eggs. There are 
thousands of such instinctive actions. 

The Animal in Man , 

The ganglia of die brain stem 
are the seat of instincts. Here re- 
sides everything that man has in 
common with animals, and which 
serves the primitive but fundamen- 
tal purpose of preserving his exist- 
ence. It is the animal in man. In 
contradistinction to the brain stem, 
the cerelirura is the part of the brain 
in which everything specifically 
human— that is, everything one 
learns after birth— is collected, and 
which contains all the knowledge 
and modes of reaction that character- 
ize the adult individual. The brain 
stem embodies the innate characters 
wherein human beings are similar, 
while the cerebrum contains the 
acquired characteristics that differ- 
entiate them. The existence of in- 
teresting relations between the 
brain-stem personality and the 
cortical ” personality of the cere- 
brum has been discovered and in- 
vestigated by modern psychology, 
especially by psycho-analysis and in- 
dividual psychology. 

Model of the Brain 

The clear and revealing insights 
into the structure and mechanics of 
personality which have been ob- 
tained in consequence of these dis- 
coveries belong to the greatest 
achievements in the history of bio- 
logy; indeed, they are among the 
greatest discoveries of science. 

The Membranes of the Brain, 
Take a walnut, best of all a fresh 


one just picked from a tree (Fig. 
281)]. A wainiu is a natural model 
of the human sktdl and brain: the 
green, liesliy outer shell is the skin 
(e); the hard, brown shell !)cncatli it 
is the bony shell of tlie cranial cavity 
(d); the wrinkled kernel of the nut 
is the brain (a). In order to prevent 
the kernel from being liuiig against 
the wall, two strong supjxHiing 
membranes are stretched across the 
interior of the niusbell, one verti- 
callv, the other horizontally. In the 
brain an analogous structure exists. 
1 he brain is aiso enveloj^ed by sup- 
porting membranes. Tliesc are three 
in number and are known collec- 
tively as the meninges. The most 
external of these is die dura mater, 
a membrane which is very tough 
and strong, being coniposed of 
fibrous and elastic connective tissue. 

Supporting Structures 

The dura’s outer surface ad- 
heres to the inner surface of the 
skull. At certain points within the 
skull the dura mater is folded to 
form two layers, ’ These are similar 
in arrangement and function to the 
supporting membranes within the 
nutshell (c). By means of tliese 
layers both the nut and the brain 
are clivided into four parts that are 
connected by bridges and girders of 
tissue. The white mass of the nut 
is enveloped by a delicate membrane 
that follows closely ail the wrinkles 
and folds. Similarly, the innermost 
membrane enveloping the brain 
lies in immediate contact with the 
iiervoiis tissue. This membrane, 
called the pia mater (b), is also com- 
posed of fibrous and elastic cohnec- 
tive tissue. Thus it is apparent that 
both the walnut and tlie brain are 
protected and supported according 
to the same, almost ideal, principle. 
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?bellum, showing its involved and delicate 
wn in this picture, if reduced to its actual 
Compare this illustration with Fig. 284. 
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Infiajirmation of fhe Cerebral 
Mffrnhyfuies, In addition to their 
n i cel l a n i c a I 1' u n < ’ t i o 1 1 die cerehr a 1 
incinbranes contain the blood ves- 
sels supplying the biain. The ves- 
sels ol the cerebrum si town in Figure 
are situated in the pia mater and 
can be removed together with it. 

I 'he space marked (g), which sur- 
rounds the cerebrum outwardly like 


the brain lloats in filood. Since the 
cerebral mein!>ranes are well sii]}- 
plied with blood, !h(‘\ are a good 
culture medium lor ba{ ten ia. If 
bacteria j^ass into the blood stream, 
and thus into the cerebral vessels — 
for example, as a result of sinusitis, 
nasal furuncles,, or middle-ear sup- 
puration — an inflammation of the 
cerebral membranes, or meningitis. 


Fig. 286. A walnut provides an admirable model of the human skull and brain. The 
mass of the brain and the walnut kernel are represented at (a); at (b) are the soft 
membrane of the brain (pia mater) and the soft skin of the nut; (c) is the hard membrane 
of the brain (dura mater), comparable with the tough skin of the nut; (d) represents 
the skull and the nutshell, while (e) is the outer, fleshy envelope. 


the circumference of a circle, and 
also penetrates into the depths of 
the brain from (g) to (b) between 
the cerebrum and the cerebellum, is 
formed by a folding of the dura 
mater. It has been mentioned that 
at certain points in the skull the 
dura is folded to form two layers. 
Between these layers are spaces 
known as sinuses. During life they 
are filled with blood, for they com- 
municate with the veins in that 
region of tlie body, thus forming 
part of the vascular system through 
which the venous blood flows. Thus 


is produced. This is a very serious 
disease. In the fii'st place, it 
threatens life directly because in half 
the cases the centres of metabolism, 
among them the respirator)' cen lie 
and the blood-pressure centre, are 
compressed and put out of order h\ 
an accumulation of infianimator\ 
fluid and pus. In the second place, 
the inflammatory process can dam- 
age the cerebral cortex and with it 
the personality structure of the in- 
dividual in a disastrous manner. 

Headache. A headache is not a 
pain in the brain, but rather a pain 




f man compared with that of a fish. A fish possesses o, 
■the reflexes and instincts. Man, top, has this strucme. 
omdity;' but in addition he has the cerebrum, seat of the 
In this illustration are shown: (a) the medulla ohionga, 
between spinal cord and brain; (c) pituitary gland: (d) 
he two cerebral hemispheres; (e) pineal gland; (j) cere 
The black areas and tines indicate the "'extra-pyramidal s. 


Fig. 287. The brain a 
brain stem, the seat oj 
is the core of his ^fers 
mtellectaal faculties, 
the brain stem- -bridge 
callosum, connecting ti 
(g) vascular sinuses, 

M.S.F. 
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in the very sensitive cerebral mem- 
branes. The brain is insensitive. An 
indivicluars consciousness can be re- 
moved in pieces, so to say, yet he 
f eels no more than it one were to cut 
a button iVom his coat. However, 
with every piece of brain cut away 
a part of his consciousness is ex- 
tinguished, like the illumination in 
house where the lights arc put oat 


in one apartment after another. 

By means of their sensitivity the 
meninges watdi over the l)rain 
vvhidi they envelop, just as the 
peritoneum with its sensitivity to 
pain guards the itisensilive organs 
of the abdominal cavity. 

The Brain Fluid 'The space be- 
tween the dura mater and the twain 
is filled with fluid, the origin of 







The cerebrum grows out of the island (J), spiralling round the brain stem 
T horn and thus forming the four lobes of each hemisphere; these are: 
li lobe; (P) parietal lobe; (Oc) occipital lobe; (Te) temporal lobe. 
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which was shown in Figure 140. The 
brain floats in this fluid — almost 
weightlessly ! Take a loaf of bread 
in 'one hand and a letter in the 
other; outside the skull the brain 
weighs as much as the bread, and 
within the skull as little as the letter I 

Dangerous Pressure 

When the nieninges become in- 
flamed and secrete an inflammatory 
exudate, or when the heart and kid- 
neys break down and excess fluid 
accuiiiLilates in the circulation, the 
quantity of brain fluid is increased, 
compressing the brain. This pres- 
sure on the brain produces headache, 
nausea, vomiting, stiqnjr, and finally 
coma. These symptoms that are 
often ail indication of danger to life 
itself can be relieved by bleeding, 
or bv tapping the spinal canal and 
removing a certain amount of spinal 
fluid. 

Hydrocephalus, Because of con- 
genital disturbances in the circula- 
tion of the brain fluid, considerable 
amounts of fluid can collect within 
the chikFs cranial cavity, producing 
the condition known as liydroceplia- 
lus (water on the head). Extreme 
accumulations hinder the develop- 
ment of the brain and are one of the 
c auses of feeble-niiiKledness. 

The Cerebrurn, In the animal 
kingdom from the fishes upwards, 
the cerebrum develops from the 
most anterior portion of the brain 
stem. Since it is unable to expand 
at will v;itliin the narrow cranial 
space, the new })arl of the brain 
grows in a loop, like a rani’s horn, 
around the brain stem [Fig. aSS], 
'The initial |ioint of growth is the 
island (J). From this point the cere- 
brum first grows anteriorly (frontal 
lobe, F), then upwards (parietal lobe, 
P), now backwards (occipital lobe, 


Oc), and finally anteriorly again 
(temporal lobe, Te). The better de- 
veloped the cerebrum, the more does 
it cover the island (J). In unborn 
children, in feeble-minded indi- 
viduals, and in deaf-mutes whose 
temporal lobe is poorly developed, 
the island is exposed. 

The ‘Surface of the Brain. In 
lower animals and in the unborn 
child the surface of the brain is 
smooth. Later it becomes folded in 
order to accommodate an increase in 
size due to growth. Now the surface 
of the brain exhibits a series of ele- 
vated folds separated by depressed 
furrows or fissures. As a result of 
further growth the folds are pushed 
tcygether and become twisted, giving 
rise to the siiuious convolutions that 
cover the surface of the brain [Fig. 
288]. 

The Struclure of the Cerebral 
Cortex. If one examines a cross-sec- 
tion of the brain such as that shown 
in Figure 280, one finds that it con- 
sists of a grey and a white substance 
like the spinal cord. Unlike the 
latter, however, the grey and the 
white matter of the brain are not 
arranged in the same way. lire brain 
consists of a cortex of grey substance 
and a medulla of while substance. 
In the nervous system tlie cells are 
grey, the fibres white. Without 
using a microscope one can recog- 
nize by the colour where the cells 
are located and the course that the 
fibres take. 

Brain Cells 

The bi'ain consists essentially of 
a mantle of cells distributed through- 
out the cortex and a nucleus of fibres 
that pass downwax'cls from the cor- 
tex to the brain stem and the spinal 
cord. If one examines a microscopi- 
cally enlarged cross-section of a 




IFig. 289. How the organ of the human mind appears under the 
cells of the cerebral cortex, by means of which we feel, think, love, 
about ourselves with astonishment — as, possibly, the reader is doin 
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single coiivoiiitioii, one sees the 
fibres rising from the depths, and 
above them the cells of the cortex 
in several layers [Fig. 289]. The 
larger cells are shaped like pyramids 
and are therefore called pyramidal 
cells. In addition one sees still other 
types of nerve cells, as well as the 
glia cells that connect the nerve cells 
with the blood vessels and nourish 
them. In general six layers of cells 
are consistently found in the cortex 
of all mammais. In more highly de- 
veloped animals the number is in- 
creased, in others it is decreased. 

A Maze of Cells 

In Figure 290 two microscopic 
sections of the human cortex are de- 
picted as they a|9>ear in nature, in 
contrast to the sclieinal i/ed repre- 
sentation in Figure 289. Inguie 290 
! shows a section of the oldest and 
most primiti\'e part, tlie olfactory- 
area; III is a section of the most 
liighly developed field, the visual 
sphere. Between tiieni is a niodei 
If with the aid of which one can 
orient oneself in the maze of cells in 
I. At (a) are sliown tlie cells of the 
first neuron, tlie olfactory cells in 
the mucous nieiribrane of the nose 
(to l)e seen only in II, mot in I: 
(b) is the bony wall lietween nose 
and brain, rlii-ougli tlie canals of 
which the hbies of ihe hrs! neuron 
pass upwards to ihe brain; (c) are the 
hlamenis \villi which the hrsi neuron 
terminates. .\t this ie\el lie inter- 
nuncial ceils that connect (he fibres 
with one another: (d) is liie point of 
contact between the first and second 
neuron. Flie cells of the second 
neuron are the large pyramidal cells 
(e) in which the olfactorv stimulus is 
pro!)af)ly perceived. F'rom these 
pyramidal cells start the nerve tracts 
that fill the upper part of the pic- 


ture. Between the large pyrairiidai 
cells lie small ones, and a similar 
layer of , small pyramidal cells lies 
right underneath (f), beneath the 
cables. At the level of (g) lie rows 
of cortical cells in which the nerve 
fibres terminate. In contrast to all 
the other nerve cells of the sym- 
pathetic system, of the spinal cord, 
and of the previously described 
lower brain areas, these cells do not 
conduct the stimuli farther, but re- 
tain them. While all other cells can 
be described, technically speaking, as 
through stations, these are terminals. 
These terminals are tlie characteris- 
tic feature of the grev cerebral cor- 
tex. All other parts ol the nervous 
system are apparatuses that receive 
stimuli or transmit them; in the 
cerebrum, however, layers of cells 
have developed tliat do not transmit 
siimidi, that do not exercise any 
visible function, but rather lead an 
independent existence which ap- 
pears unnecessary when considered 
from the standpoint of function. 
The nerve ceils of the skin, tJie vis- 
cera, the spinal cord, arid the brain 
stem are telegraphers, telephone 
operators, surface-men, photograph- 
ers, and radio technicians. 

Art and Life 

Water-mains, streets, electric 
lights, bread, and clothing are neces- 
sary, Pictures, books, music, and 
sculpture are unnecessary. The pic- 
tures of Raphael and Leonardo, the 
poetry of Homer and Shakespeare, 
the .symphonies of Beethoven, and 
the philosophy of Plato are “super- 
fiiious ” — - but the “ superfluous ” 
th ings are the li iglies t in life. He > w 
mutix of life would be worth living 
if all the books were burned, if all 
the nmsicai instruments were des- 
troyed, and all pictures cut to pieces? 
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II: all the flowers were uprooted, if 
women were forbidden to ornament 
themselves, if stinuilants were pro- 
hibited, and people were forbidden 
to climb mountains, to dance, to day- 
dream in the sunshine, and to enjoy 
whatever other unnecessary but 
pleasant things there are in the 
world? 

Personality 

The nerve cells of the cerebral 
cortex are the most unnecessary of 
all the cells of the body. A creature 
can live witlioiit a cerebral cortex,- 
but in these cells that are unneces- 
sary for life the creature becomes 
conscious of its own self and the 
world; with them it recognizes and 
enjoys, it gathers memories -and ex- 
periences, thinks and feels, speaks 
and writes, makes music and paints, 
dreams and loves— and suffers. They 
are life, knowledge, feeling, and en- 
joyment; they are the “ I,” the per- 
sonality. “ We ” is the sum total of 
the cortical ceils of our brain; our 
“ 1 is the giant concert which this 
greatest of all radio stations, this 
station of microscopic tubes, aerials, 
coils, condensers, and transformers, 
broadcasts as thought and feeling to 
the microcosmos of the cell body, and 
as word and deed to the wide world. 

Brain Cells and Stars, Actually 
the two pieces of the cerebral cortex 
shown in Figure 290 are hardly as 
large as the space within this O, 
and they are thinner than the most 
delicate tissue paper. Together both 
pictures contain about too cells; the 
cortex of the human brain contains 
150 million times as many. If one 
wanted to represent all the parts of 
the cortex in the same enlargement 
on pages of ecjual size, one would 
have to assemble a very large collec- 
tion of books. A single bookcase 


would not suffice nor tvould an en- 
tire library room. Even a icn-room 
house fail of books w<.)uld not be 
enough, since one would have to 
print no less tlnni v, 00, 000 volumes 
of 500 pages each containing such 
pictures before completing the study 
of a single human brain! These 
are astronomical figures, and 
actually photographs of the cerebral 
cortex are surprisingly like stellar 
photographs [Figs. i>9i and 511]. 

The Cortical Areas, When 
modern “ micro-astronoraers began 
to examine the stars on the small 
heavenly globe within the skull, just 
as their colleagues in the astronomi- 
cal observatories had been doing for 
several decades with the gleaming 
stars of universal space, they had a 
similar experience. They discovered 
that the brain cells, like the stars, 
are arranged in bunches and groups 
that they call cortical areas. The 
first stellar photographer of the 
human brain was able to delimit ap- 
proximately fifty main areas, as 
shown in Figure 292. The modern 
generation of cell “ astronomers ’’ 
has increased this number to almost 
five hundred ! 

Increasing Refinement 

At first the interesting fact was 
discovered that the brains of all 
mammals exhibit the same basic 
plan in the arrangement of the cor- 
tical areas. Then it was found that 
the cortical areas were also located 
in consecutive segments, like the 
segments of the spinal cord. Figure 
292 shows the cortical areas of a 
bat (Left) closely related to ihe pro- 
simians, of an ape (Right), and of 
man (Below). At first glance one re- 
cognizes the increasing refinement 
and complexity of the cerebral cor- 
tex in the course of evolutionary his- 
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Fig. 291. The minute universe of the human brain observes the vast universe of inter- 
stellar space. In man's brain are fifteen thousand million cells; in the Milky Way 
there are as many suns. Between them, comprehending neither the one nor the other, 
is man, whose intellect has discovered both. 


lory. The ape brain has twice as 
many areas as that of the prosimian,, 
while that of man has twice as many 
as the ape. Then, too, one recog- 
nizes the characteristic shifting of 
the areas. The area with the large 
black dots (4) is the motor centre — 
that is, the cortical area with the 
motor cells that send action currents 
10 the inuscles through the pyra- 
midal tract. As the wandering of 
the arrow with the number 4 clearly 
indicates, in the course of the evolu- 
tion of the brain this area has moved 
from the anterior pole of the brain 
to its middle, for in front of it has 
developed the extensive region of 
the frontal lobe (indicated by the 
broken line) with approximately lOO 
cortical areas. These areas of the 


frontal lobe have as yet been linle 
investigated. In their totality, how- 
ever, it is believed that they are 
the material basis of all tliat we des- 
cribe as character and temperament 
in man. The large bundles of nerve 
fibres that exert an inhibitory influ- 
ence on the reflexes of the brain 
stem and the spinal cord originate in 
the frontal lobe. 

Inhibitory Fibres. Common to 
all animals is the grasp reflex, which 
in man has been restricted and trans- 
formed to the plantar reflex. If a 
dragonfly settles on a plant stem, its 
feet automatically clinch around its 
perch owing to the grasp reflex, and 
it remains attached to tlie stem for 
hours without having to exercise its 
will, and consec|uentlv without tir- 
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ing. II: tlie dragonfly wants to fly ■ 
■away, it must interrupt the grasp re- 
liex, and for this purpose sends a 
ner\’e impulse iVom the brain to 
eliniinaie the reflex. Nerve fibres 
that eliminate or break reflexes are 
called inhibitory fibres. If the head 
of a perching dragonfly is cut off, it 
cannot interrupt the reflex, and re- 
mains on its perch until it dies. 
Snails and caterpillars crawl auto- 
matically without exercising any 
volition. In order to stop, thev must 
eliminate the crawl reflex. When 
decapitatcal, they continue to crawl 
without stopping. 

The Essence of Training 

The grasp reflex is still quite 
strongly developed in very young 
ciiildren. If one gives a child a 
linger, it grasps it firmly and does 
not release it. In so doing, the child 
is carrying out a ver\ ancient animal 
reflex, the grasp reflex, by means of 
which, young riianniials hold fast to 
the mother's skin. If one gives a 
two-vear-old child a pencil, it holds 
it lightly. It is part of the educa- 
tional programme of the school to 
weaken and inhibit this grasp reflex 
so that the child will be able to hold 
a pencil and write with it. The 
major portion of the education that 
human beings receive daring tlie 
pre-school vears, in school, and in 
later life, consists in the develop- 
ment of inhibitory libres and inhibi- 
tions in order to overcome reflexes. 
A newborn cltild cries when it is 
hungry. It musr get used to eating 
oniv at rneal-times, so one of the first 
thiiigs a child learns is to suppress 
the reflex to ciy when hunger ]>angs 
appear, d'hen a child is taught to 
be clean. It must learn to inhibit 
the bladder and iutestioal reflexes, 
and to let them function only at 
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certain times. This is the beginning 
of training for life/and this is ho^v 
it continues for ten, twenty, thiriN' 
years under the constant motto: 

“ .Develop inhibitory fibres,” so that 
training may be said to be equiva- 
lent to the possession of inhibitory 
fibres and the ability to control 
one’s reflexes, urges, and animal in- 
stincts by means of them. 

General Paresis. The important 
part played by the inhibitory fibres 
in human life may be recognized 
from the effects produced by alcohol 
(see Pages 338-34s>), and also 
by certain mental diseases, pre- 
eminently general paresis, in which, 
as in alcohol indulgence, the inliibi- 
tory fibres are affected first. General 
paresis, like tabes, is a late form of 
syphilis. About fifteen to twenty-five 
years after the primary infection, 
either the conducting fibres of the 
spinal cord or the cells and fibres 
of the cerebral cortex degenerate and 
vanish. This occurs in approxi- 
mately three to six per cent of un- 
cured cases. The disappearance of 
the cells first becomes evident be- 
cause of the missing influence of the 
inhibitory fibres. 

Relaxing Control 

The normal civilized individual 
who is restrained by his inhibi- 
tions can be compared to a traveller 
who returns from Africa bringing 
a valise full of snakes with him. He 
takes care not to let the people 
around him know about his danger- 
ous baggage, but travels in the train 
reading a paper, as if his baggage 
contained only such liarmless tilings 
as clothes or books. The unin- 
hibited paralytic, however, opens his 
valise, letting the imprisoned beasts 
creep out. Thirst for power, vanity, 
megalomania, avarice, greed , lioast - 
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I'll! ness, and so on, appear undis- 
guised. Just as in the case of a 
drunken man, whose cells are not 
destroyed but only temporarily 
paralysed, actuality is cleai'ed away 
with a wave of the hand by elimi nat- 
ing all inhibitory criticism, and is 
replaced by a fantastic dream world. 

Megalomania . 

The patient calls himself “ Prince 
of Navarre,” hangs a paper order on 
his chest, and is proud of his 
“ decoration.” A tin ^ can upon 
his head becomes a golden crown, 
and he tells stories about millions 
of subjects who serve him on Mars 
and Jupiter and will descend to 
earth tomorrow to do homage to him 
as the Lord of the World. With 
the progessive destruction of the 
cortical cells this megalomanic phase 
comes to an end, because the de- 
generation of the cells is accom- 
panied by the disappearance of all 
memory of persons, things, and 
words, and by the vanishing of im- 
agination. The ability to express 
himself is diminished, words are con- 
fused, mistakes in writing increase, 
the vocabulary becomes smaller, and 
the paralytic succumbs to an increas- 
ing impovei'ishment of his mental 
life. Finally, complete dementia 
supervenes. 

, The Motor Centre. At the top of 
the brain lies the so-called precentral 
convolution [Fig. 292 (4)], which 
contains the cells for voluntary mUvS- 
cular excitation, the motor centre. 
This area must be a true technologi- 
cal miracle, for the motor cells, ap- 
proximately a million of them, are 
arranged in the exact sequence of 
the limbs and muscles. If pictures 
of the limbs controlled by them are 
superimposed on the motor cells, 
one sees the right half of the body 


'on the left side of the brain, and. the 
left half , on the right .si<le [Fig. 293]. 
If each ceil connectioM had an elec- 
tric bulb that would light up when- 
ever the cell sent out a current, like 
the lights on the switcli boards of 
electrical circuits, the various parts 
of the brain representing different 
organs would light up like electric 
signs, depending on which organ 
was functioning. 

Apoplexy. An apoplectic stroke 
is a calamity that falls like a bolt 
from the blue, A blood vessel tears 
in the brain, iisually in the region of 
the internal capsule [Fig. 295 (J)]; 
the motor centre above the bleeding ^ 
area receives no blood and stops 
functioning, and the victim is 
paralysed on the side of the body op- 
posite to that wdiere the lesion is 
located and falls down in an apo- 
plectic fit. The internal capsule is 
the narrow delile through which the 
motor fibres of the pyramidal tract 
pass on their way from the motor 
centre to the spinal cord. Within 
the internal capsule the fibres are 
crowded together. Here the fibres 
radiating from the cerebral cortex 
come together and begin to form 
cables. Indeed, the internal capsule 
must be the most complicated cable 
known to technology, for here the 
fibres combine to form tracts with- 
out giving up their sequential ar- 
rangement by regions and organs. 

Feeling with the Brain 

Apparently the blood vessels at' 
this traffic junction are exposed to 
a very great strain, for they age 
earlier here than at oilier jioints in 
the brain. More than half of all 
haemorrhages in the brain occur in 
the region of the internal capsule. 

The Se 7 uory Sphere. Behind the 
motor centre (4) in Figure 292 lies 
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the area of sensation '(1,, '2., .5,, 7). One wood.' 'The hand possesses only, re- 
caiinot speak of a sensory centre, for ceiving apparatuses, antennae for the 
we are dealing with an entire series various stimuli of the external 
of fields in which the various sensa- world: the radio receiver that re- 
such as pain, teinperature, and produces these stimuli is located in 
touch are localized next to one an- the brain stem; and the person who 
oilier. In the cells of this area we hears them is situated in the cere- 
become conscious of the stimuli aris- bral cortex in the form of a cell, as 
ing li'oin the external world. We shown in Figures 266 and 294. The 
have the idea that we feel with our ceils of the sensory area are arranged 
fingers, but actually the fingers are in rows like the levers of an indica- 
wiihout feeling. If the sensory fibres tor box. Let us imagine that we are 
lietween the arm and the brain are in the service room of a hotel and 
severed, one can put a hand into a are observing the activities there, 
lire and feel as little as if one were Number 62 appears on the indicator, 
to witness the burning of a piece of “ Professor Miller wants his coffee,” 



Fig. 292 . The cells .of the cerebral cortex are arranged in groups known as cortical 
areas. Their number increases progressively as the brain ascends the scale of evolution, 
but their bask arrangement is the same in all mammals. (Left) The cortical areas 
a bat related to prosimians; ( Right ) those of an ape; (Below) those of man. 
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the woman in charge calls to the 
kitchen. To be sure, all she sees is 
that number 62 lias appeared on the 
indicator, I)ui she knows Irom ex- 
perience that number 62 is a room 
on the third floor, that Professor 
Miller lives there, and that when 
he rings at 8.30 a.m. he wants 
to have h is co flee . N ( > w n umber 5 
appears. Has the medicine for the 
child come from the chemist’s?” she 
asks, because she knows that there 
is a sick child in room 5. Then num- 
ber 0 appears in the indicator box. 
“John,” she cries, “ there are newly 
arrived guests outside.” She doesn’t 
see them, but she knows that wlieu 



Fig. 293. The motor centre. The motor 
cells for voluntary muscular contraction 
are located in the parietal area. They are 
arranged in an inverted mirror-image 
order. At (J) is the internal capsule^ the 
location of most cerebral hcemorrhages 
(apoplexy). In the centre can be seen 
the crossing of the pyramidal tracts. 
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number 0 ap]>ears, there is sotijcone 
outside, and that a!)oul this time 
the night train ariTes with new 
guests for the hotel. W'e can (om- 
pare the brain to such an indicator 
box, “We” means our brain cells. 
Our brain cells, howtnci', arc im- 
prisoned within the dark space of the 
cranial cavity, from which thev nexer 
emerge. The optic cells of the cere- 
bral cortex never actually look out 
of the windows of the eyes, and the 
auditory cells never come into coti- 
tact tvilli sound waves of the air. 
These cells live at the end of the 
long, dark corridors of the Hotel 
“ Brain,” in the dark offices that we 
call centres. Here they are born 
and here they die as eternal 
j)risoners, galley slaves of the indica- 
tor boxes \vhere the fibres terininate 
that come from the sense organs to 
tile interior of the brain. 

By long experience the cells arc 
trained to know that thei'e are guests 
in front of the hotel when 0 appears 
in the indicator, and that John must 
now be called to lake care of them — 
yet they themselves never see either 
J 5 hn or the guests. We can also 
compare, the brain cells with the 
cooks and butchers tliat work in a 
large ocean liner. I'hey see neither 
the tables nor the passengers, but 
only receixe orders from which they 
infer tlie number of travellers, whicli 
tables are occupied and which are 
unoccupied, when there is a celebra- 
tion, and when the passengers are 
seasick in their cabins. We learn 
nothing about the world apart from 
what the nerves conduct to the ceils 
of the cerebral cortex — uamelv, an 
enormous number of nerve currents 
and signals of various kinds, whicii 
we receive through our sensory up- 
paratus and which we learn to de- 
cipher and to answer correctly on 
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Fig. 294. How narcotks deaden pain, 
the cintennce which receive stinuili at the surface of the body. Aspirin., amidopyrine., 
cpdnine, etc. fb) switch ojf the pain-producing apparatus in the brain stem. Opiimr 
morphine and codeine tc) narcotize the sensory cells of the cerebral cortex. 


(he basis ot experience and educa- 
lion. There is no direct, absolulcT 
and consequentJy “(rue’” know- 
ledge oL' things outside of our con- 
sciousness. Each creature can only 
perceive as much oF the world as im- 
pinges upon its sense (jrgans, and can 
recognize so much in its 0101 way 
onlv in so Far as its cortical ceils are 
able to sort out these stimuli. \Vc 
learn nothitig of ‘‘things” as suclu 


but register only the impression of 
things on our consciousness/ their 
emanations, their effect on our 
nerves — something entirely second- 
ary and subjective. This recogni- 
tion is the l)eginning of all philoso- 
phical insight and the fundamental 
idea of the theory of knowledge that 
Plato immortalized in the famous 
descript ion of the cave. We stand 
in the darkness of the night before 
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Fig. 295 . How man sees — with his brain. Passing through the lens of the eye, the 
image is projected upon the retina, where light impressions are transformed into electrical 
impulses of varying strength. These impulses are conveyed by the fibres of the optic 
nerve to the visual areas of the cerebral cortex, where they produce a stimulus image. 



CONQUERING PAIN 


a cave ill whicl'i a fire burns. We 
;see shadows on the walls, and, infer 
from die shadows that there are nien 
in die cave who ai'c moving about, 
hut we do not see die men them- 
selves. Most philosophers after Plato 
have accepted this fundainental 
idea,; and Sclio|:>enl'iauer lias even 
included it in the name of his chief 
work, which begins with the sentence 
that lias acc|iiired an everlasting 
value for tlunking men: “The 
world is my idea. . . 

An lllnsory Liinb ' 

The PhnNiorn Pain, The phan- 
tom |.>ain furnislies a medical illus- 
tration of dds diecjry of knowledge. 
On December lo a maiis foot is 
seriously injured in an explosion. 
The leg is amputated at the thigh. 
Up a})ove in the indicator l>ox of the 
sensory sphere llie indicator for the 
foot appears: the foot liurts . . . the 
foot liurts , . . the foot iiiirts. The leg 
is no longer there, hut the connec- 
tion from the loot rings incessantly 
in the brain, and the man lies in 
bed complaining of pain in a foot 
which no longer exists. When some- 
one asks him: “ \\1iere docs it 
hurt>“ he points to a spot on die 
bed where Ins foot wcmld lie if he 
still iuid it. The doctor consoles 
liim: “ just ha\'e patience for a few 
weeks, fn January the nerves will 
heal.*’ Indeed, die j>ain actually 
subsides, and in lebniary the 
pxitient stands happily before his 
doctor, and laughs at the “ piianlom 
pain.’' 

Ill September he awakes at nighi. 
lie feels the sheet: he has his 
leg again! It hurts once more. Me 
dearlv feels that his foot is there, 
he feels du* big toe and an iidiing of 
tile iu.step. He must scratch it, and 
scratches the sheet. During the next 


night the pain recurs, and now his 
leg also hurts during the day, the 
leg which has been gone for almost 
a year. He goes to the doctor, “ You 
have a neuroma, a nodule at the end 
of the severed nerve, which is irritat- 
ing it.” The nodule is removed, 
and with it disappears the irritation 
of the nerve. Up above in the in- 
dicator box of the sensory area the 
indicator for “foot” no longer ap- 
pears, the pain and the feeling of 
the continued existence of the foot 
diminish, and the man is finally rid 
of his leg that he lost a year before. 
I'o be sure, he had lost his leg 
at the thigh, but not up above in 
the cerebral cortex, where every- 
thing, including one’s own leg, is 
reflected as an “ idea.” 

Analgesics. To eliminate the idea 
“ pain ” there are three possibilities 
[Fig. 1194]. One can eliminate the 
first neuron that receives the pain 
at the periphery of the body — that 
is, the antenna (a). Hot or cold com- 
pres.ses, mustard plasters, and salves 
containing cocaine are such “ an 
lenna ” remedies. 

Narcotics 

Secondly, the connection between 
ihe organ anti the brain can be 
inlcrruplcd by substances that para- 
lyse the switch mechanism in the 
brain stem (b). llie best-known 
substances of this group are quinine, 
aspirin, and amidopyrine. Thirdly, 
the sensory cells of the cerebral cor- 
tex can be pai'alysed. Substances 
that narcotize the cortical cells are 
opium, and morphine, which is ob- 
tained from it (c). Employing the 
comparison of the sensory path with 
a radio installation, as in Figure 594, 
one can say that cocaine in- 
terrupts the connection with the 
antenna, amidopyrine turns oh the 
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pain area, i)Lil a!s(j {.])e eniiic cerc- 
bral cortex — above all, ihc iieij^in 
bouring nioior ceiiLre. I hey weaken 
the will and (he vision and put (he 
individual into a kind of dreaniv, 
soninolescenl stale, 11’ a person has 
become accuslomed to these sub^ 
stances as a result of }ial)ituai use, 
they act like alcohol on a chronic; 


radio, and niorphine puts the lis- 
(enei' (o sleep. The well-known 
di Heienccs in the effects produced 
bv these three substances is ex- 
piained by the fact that they act at 
different points. Morphine, opiuin, 
and its numerous derivatives such 
as codeine make a person feel tired 
because they paralyse not only the 


SEEfNfi WITH. THE BRAIN 


aic:(ilt<i!ic. fiisteai! <}|' producing a 
paralvsirig tdiccl llicy act as stiinu- 
lanis, and like alcohol creale a slate 
(>!' intoKic atinn, ^shidijs c liaraci:ei~ 
i/ed h\ the \ is illness oi' its dream 
|)ictures (opium intoxication). When 
used liabitually for long periods, 
these substances damage llie cortical 
cells atid the inhi!)itory lilrres, there- 
f>s' cluinging the personality in a 
■d isastrerus m an ner (morph i n ism). 

Sight arid Television 

'The hrain-siem drugs (aspirin, 
amido|)vrine, and (|uiriine) can never 
produce siuh ellects hecause they 
do not ac t tit all on the cerebral cor- 
tex. On the oilier hand, however, 
they act on the neighbouring meta- 
liolic centres, pre-eminently on the 
temjjerature centre i)y lowering the 
tempera tine oi’ the body. On this 
iuxount they are used not only to re- 
lieve })ain but also to light re\'er. 

Behind the sensory tirea 
in Figure lie Fields 17 and iB, 
tire area of the o])tic cells, those cells 
ol‘ the cer<d)nd cortex in which we 
experience the images of the ex- 
ternal world, llie visual apparatus 
of the vertebrates exhibits an 
astounding similarity to a television 
machine. Fhe eve is a camera. Its 
optically sensitive jriate is divided 
into a network of lields like the re- 
ceiving plates of certain television 
apiraratuses. fust as in a television 
ajrparatus, each held contains a cell 
which is sensitive to light. By means 
of these cell lields the perceived im- 
age is broken up into a million light 
points, each producing a stronger or 
weaker current in the cell, depend- 
ing on its brightness. Thus the eye. 
like the television instrument, is a 
photo-electric mechanisnr, wliich 
transforms light impressions into 
electrical currents. Iku while the 


television apparatus sends these cur- 
rent impulses by wireless transmis 
sion over great distartces-- - i^ this re 
sped it is superior to the eye -the 
eye transmits them bv means ol 
caldes— that is, by means of the two 
million fibres that make up the two 
optic nerves of the brain. The path 
of the image points can be traced 
in Figure 295, The birds are 
situated laterally in the visual field 
iind are consec|uently projected on 
the inner half of the eye. Their im 
ages pass through the internal 
crossed fibres of the optic nerve 
(broken lines) to the opposite half 
o(‘ the !)rain. On the other hand, 
the image of the cat, which is located 
in the centre of the visual field and 
is seen by both eyes, is projected on 
tlie outer half of the retina of each 
eye. The image current passes 
through the external uncrossed 
cables (white lines) to the visual 
areas of the corresponding brain 
halves. 

At its posterior end the optic ner\ e 
breaks up into its component nerve 
hbres. Each fibre ends in a cortical 
cell, and the totality of these cells 
forms a counterpart to the retina of 
the eye, a “ cortical retina.” The 
order and intensity of the stimuli re- 
ceived by the cells of this “ cortical 
retina ” are the same as those that 
stimulated the cells of the retina, 
thus giving rise to a stimulus image 
in the occipital cortex of tlic brain 
which corresponds to llie retinal 
image. 

Camera of the Eye 

Ocular Blmdness, The nerve 
tract between the eye and the occipi- 
tal area is composed of four neurons 
[Fig. 296]. The first neuron is the 
retinal cell in the eye. With this 
neuron we take pictures of the ex- 
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ternal' world. It corresponds to the . dition , often, observed' .after, severe 
sensitized plate of , a,,' camera.- We are. injuries to the occiput,, especially, ,; in 
acciistoined to saying that ^we . see consequence, of gunshot wounds, and 
with our eyes, yet actually we do not injuries produced by shell frag- 
see with them but with the cortical ments. 

cells of the occipital lobe. We only The Optical Memory Centre, 
take photographs with our eyes. Our ,Next to Field 17 in Figure ^^2 we 
eyes are a stereoscopic camera built see Field ,18. Here are situated the 
into the skull, with which we photo- cells of optical niemory; or .to con- 
graph the various events of our lives tinue the analogy of Figure 59!), 
"(a). If a person loses his eyes, he here are the photographic archi\cs 
is like a photographer who has lost (d). To obtain a clear uMderstand- 
his camera. He can no longer take ing of the difference between the 
any photographs; he is blind. two fields, look at this page. This 

act is carried out by means of the 
From Stimulus to Image path from (a) tiirougii (b) to (c). 

The Optic Thalami. The first of Now close your eyes and try to im- 
the two long intermediate neurons agine the appearance of the page; 
(1) extends as far as the brain stem this internal vision is made possible 
and terminates here in a nerve hil- by the cells of Field 18 in Fig. ^95. 
lock, the optic thalamus. In the Field 17 sees the world; in Field 18 
lower vertebrates (fishes, frogs, the optic stimuli are impressed as 
'►lizards) the optic tract ends here, visual memories. At night when we 
The optic thalamus is the seat of dream with dosed eyes; we certainly 
primary vision. Among the higher don*t see anything. The path (a) to 
vertebrates it is only an intermedi- (c) is as inactive as a television set 
ate station, where the stimulus is, that is. not in use. IToweveiy from 
in some manner as yet unknown to the depths of memory emerge the 
us, turned into an image, a process optical impressions of Field 18, and 
analogoLis to the development of a these are our dreams, 
film in a dark room (b). This im- 
age is noiv carried by the next long Memory Archives 
neuron (11) to the cerebral cortex. In the archives of our optical 
Here in the form of the cortical cell memories are stored many thous- 
is the photographer who looks at the ands, even millions of impressions, 
strip of film (c), exposed by the Everything that we can visualize 
ocular camera (a) and developed by while our eyes are dosed is deposited 
the optic thalamus (b). in these archives. Close your eyes 

Carl leal Blhubiess, If the cerebral and try to recall the many visual 
cortex in this area is injured, the memories that you possess. Begin 
affected individual is also blind. To slowly with your memories of your 
be sure, the eyes are intact; they take life. Recall the people with whom 
pictures as before and these pictures you have become acquainted, then 
are developed in the dark room of the towns, streets, houses, and gar- 
the optic thalami, but the photo- dens that you have seen. Try to see 
grapher in the studio at the back how many plants, animals, how 
who has to judge the pictures is many buildings, works of art, l.)ooks, 
dead. Cortical blindness is a con- machines, household articles, num- 
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until the “ somethino* ” that stands 


bers, and 'words can be , : gathered, 
from your .memory collection. All 
.this ■ wealth of :nie.iiiory is so.inehow 
impressed and contained within the 
memorv centie, hut we do not know 
how this is done. 

“ Mrniory illindness/' If Field 17 
is destroved, an individual can no 
longer perceive anything; he is 
sidlcring- IVom cortical blindness. If 
Field iS is destroyed, he can still see, 


before him begins to speak is it 
possible for any connection to be 
established between them. 

The arrangement of the visual 
memory centre is as orderly as that 
of a good photograpliic library. The 
pictures are arranged according to 
subjects. In a manner of speaking, 
there are departments for colours,, 
forms, numbers, letters, etc. Be- 



FiG. 297. Memory blind/ less. This old woman has lost her optical archives [Fig, 296 
(d)}. She can still see things because stations (a), (b) and (c) are preserved^ but 
she no longer recognizes the objects which she sees. However, on touching the sponge, 
she recognizes it, Just as one woidd do on touching an object in the dark. 


but: he no lotiger has any optical 
memory. Me sees, but he no longer 
recognizes anuhing; he is allccted 
with ‘‘memory” blindness. Nietz- 
sche was affected in this way, and 
.so is the old woman in Figure 297 . 
She sees the sponge but cailnot re- 
cognize it. if she is permitted to 
touch the sponge, she recognizes it 
bv means of her sense of touch just 
as we would rccoguizc a sponge in 
the dark. .\ person with ” memory 
f)iindness ’ sees a clock. On being 
told that he is slanditig in front of 
a clock he must touch and feel the 
hands of the clock before he is able 
to tell the time. The daughter of 
such a man enters his room, but the 
father does not recognize her. Not 


cause of this orderly arrangement 
the destruction of some parts may 
leave others entirely uninjured. 
Owing to a cerebral haemorrhage an 
industriaiist completely lost his 
ability to read and was only able 
to speak and write in a very de- 
fective manner. However, he re- 
tained his memory for numbers. He 
came to his office every day, was pre- 
sent at all discussions, and indicated 
his agreement with certain prices by 
writing down the numbers. One 
day lie changed iiis will. In order to 
determine the legal validity of this 
act a psychiatrist was called. The 
psychiatrist read the testament 
aloud in the presence of the indus- 
trialist and intentionally made an 
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Fig. 298. Tim is how man hears-~^not with his ears, hut with the temporal cortex of 
the brain. The sound stimulus (1) passes through the cochlea (receptor membrane) (2), 
downwards (3) into the medulla oblongata, over to th? opposite side (4), and then 
to the temporal lobe (5) and the apparatus for apprehending individual tones (6). 
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this- . way - it enriches , its reading 
centre, until it carries a colleC' 
tion of several thousand word inn 
ages in its brain. During the school 
years the individual becomes aware 
of the fact that words occur in com- 
binations that are constaiitiy re- 
peated, and learns to comprehend 
them at a glance, so that slight re- 
minders suffice to bring about a 
recognition of large groups of words. 
An uneducated person has to work 
over a sentence as if he were cutting 
a path through a dense thicket, 
while one who reads a great deal 
simply flies over the lines. Reading 


error in reading a certain sum. At 
this the man jumped up and pointed 
out the sum that the psychiatrist had 
read incorrectly. 

Education means the development 
of such centres in the brain. When 
a child learns to read it starts a col- 
lection of letter images near the 
visual centre so that it becomes able 
to distinguish these letters. Then 
it learns that the letters are arranged 
in certain patterns, syllables, which 
it learns to combine into images of 
whole words. Then it reads words 
— at first short ones; later, when it 
can read better, long ones, too. In 
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specialists and reading geniuses can 
comprehend entire paragraphs, even 
entire pages, at a glance. There 
have been reading geniuses who read 
through an entire book of dictionary 
size in a single day and even indi- 
cated t)pogra[diical errors. Monks, 
'fkdnuuiic scholars, students ol: the 
Koran, and others tvho have read 
stereotyped texts daily since earliest 
yoiith ha\’e an image of every page 
in their heads. On the basis of 
this \’isual memory image in the 
brain they are able to recite, not only 
forwards but also backwards, psalms 
or sections of the Koran from 
me'm,or)e 

Number and Word images 

“ Memory Wizards/' Tlie accoin- 
|)lishments of “ ineinors' wizards ’’ 
are due to tliis ability. At the die- 
iatioJi of people in the audience they 
write rows of itumbers in the form 
of a chec]uer-l)oard scpiare on a black- 
board. The audience copies the 
numbers. The “ calculating wizard ” 
looks at the blackboard for ten 
seconds, but without memorizing 
the rows of numbers. Instead, he 
obtains an impression, of the total 
\ isiiai image. Then he erases the 
numbers on the board, and reads 
them from his memory image, add- 
ing and subtracting more rapidly 
than the audience can follow. 

The Wrifin^ Centre. AVhen we 
wish to write ti word, tve hrsf obtain 
a mental representation hv fetching 
it out of our archive of memory im- 
ages. I'his word image is sent to a 
specitil writing centre where it is 
trttnsformeil into a pattern of stimu- 
lus impulses, rhis image is carried 
to the cells of the motor centre and 
activates the muscles of the hand. 

The Centre of Auditory Percep- 
tion, Sound impressions [Fig. 29B 


(i)] pass through, the ear (^) by way 
of a receptor neuron (3) into the 
medulla oblongata (4). .Here the 
stimulus is transferred to neurons of 
the opposite half of the brain and 
conducted upwards to the temporal 
lobe (5). This part of the brain con- 
tains a special centre for the recep- 
tion of sound stimuli, the auditorv 
sensory centre (6), It contains (ells 
that perceive sounds of varying pilch 
and quality. Actually we do not 
hear with the ears, which are only 
organs for the reception of stimuli. 
We hear wdth the cortical cells of 
the opposite temporal lobe. If this 
centre is destroyed the individual 
becomes deaf. There is a special 
centre for the reception of harmoni 
ous sounds and another for noises. 

The Auditory Memory Centre. In 
ilie auditorv sphere, just as in ihe 
visual sphere, repeated percept iojis 
are stored as impressions, memories. 
In the occipital lobe a person carries 
a photographic archive, w'hile the 
temporal lobe contains a collection 
of “ gramophone records.” When a 
person learns a second language he 
accumulates another collection of 
records, and one wdio speaks five 
languages may be thought of as 
possessing five such collections. 

Forgetting a Language 

Memory Deafness. A Frenchman 
came to England, learned English, 
and later resided in Paris as a lan- 
guage teacher. One day, as a result 
of an accident, his speech centre was 
injured; but only the area control- 
ling the vocabulary of his mother 
tongue was destroyed. With the 
destruction of the centre he lost his 
memory of the words deposited here, 
his knowledge of French. The cen- 
tre controlling his knowledge of 
English remained iinli armed. He 
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Fio. 299. A child learns to sqe, recognize, hear, and understand its mother. 







now A CHIU) LEARNS TO SPEAK 


IDENTlflCATiON 


iWORD-FORMATiON 


INTONATION 


ARTICUIATJON 







1H£ CEM’RAL NERVOUS S\STE^^ 




was slili able to speak and to under- 
stand Engiisb. His wife therefore 
Icai'iicd Engiisii and cx>nnimiiicated 
liiiii ill liiis second language. 

Just as a person can lose part of 
his stock of words, he can also lose 
|.>arl of his memory for sounds. He 
may become partially deaf to high 
notes, while still able to perceive 
deep notes; or he may lose the 


earth. . . .” Oi', let us read slowly 
and silently, reading each word in- 
wardly. This isnier speaking and 
reading take place in a centre called 
the word-forming or language cen- 
tre, because word-formation j^recedes 
articulate speech, ft is iti this centre 
that the stimulus is formed which 
we send to the motor centre of 
speech if we wish to sa\' something. 



ability to understand the spoken 
word, although still able to grasp 
melodies. A girl lost her memory 
centre for word sounds as a result 
of a brain disease. She heard the 
sound of w'ords but no longer under- 
stocxl them. On the other hand, if 
songs were sung in. the presence of 
litis girl, she understood the texts 
because the melody section of her 
memory centre had been preserved. 

The Language Centre. If we wish 
to speak a rvord we must first pick 
the sound image of this word ,out 
of the archives of our sound 
memories. We cannot utter a word 
that we don’t know. Let us close 
our eyes and, without moving our 
lips, say inwardly the ’first sentence 
of Genesis: “ In the beginning God 
created die heaven and the 


The Speech Centre. The centre 
that activates the tocal muscles is 
called ilie speech, centre. It has be- 
come famous because it \vas the first 
centre to lie disco\ered. Because 
it was discovered, in by the 

French anthropohigist Broca it is 
also known as Broca’s ceiitre. In 
contrast lo ihe language ceiUre, the 
speech centre is part of the inotoi’ 
area. Microscopic examination has 
revealed that Broca’s area is not a 
true motor centre but only an asso- 
ciation area — (hat is, a special ap- 
paratus which receive.s external 
stimuli and distributes them in suit- 
able combination to the motor cor- 
tex, innervating the lips, tongue, 
vocal cords, and diaphragm. In 
musical terms the speech process can 
be described as follows: The word* 
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This is what takes piace in the eye, brain and iaiynx when we see a motor 
car, recognize it as such, and pronounce the word “car." 

centre is the music file in by means of which he plays upon 
1C sound images are kept; a certain group of organ pipes; the 
uage centre is the organist organ pipes are the vocal apparatus 
Its' to plav and ])icks out a of the larynx. 

r piece of music from his A Child sny.s “Mama’' [Figures 
i; the speech centre is the 299, 30a]. At birth the cortex of 
I iiDon which he presses and an infant’s brain is an unwritten 
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page. The sensory areas have not 
yet received any sense impressions. 
Its eyes are open, but the neurons 
between the eyes and the occipital 
lobe are not yet developed, so that 
the ceils of the visual area receive 
no stimuli. After one to two months 
the neurons of the optic tracts (a) 
are ready to function, and now the 
infant sees its mother (i). As a 



Fig. 302. Association (I). On receiving 
an impression of this visual image, the brain 
connects it with the memory image of a clock 
indicating *^1.45,"' This is association. 

result of repeatedly seeing the same 
objects, a visual memory centre de- 
velops near the visual centre. Here 
the sense impressions derived from 
the mother register themselves as 
memories. Now the child recognizes 
the mother when she approaches 
and smiles (2). As soon as the mother 
notices that the child recognizes her, 
she “ introduces ” herself by point- 
ing to herself and saying Mama ” 
at the same time. At first the child 
hears nothing because the neurons 
between the ear and the temporal 
lobe are not yet connected. Gradu- 
ally, however, the neuron (c) de- 
velops, and the child hears the 


double sound “Mama" (3). I’hrougli 
repetition of the stimulus a memory 
image of the sound of the word is 
produced, and now it iinderstands 
the word ‘‘ Mama (4). d lie young 
mother is diligent in teaching her 
child to speak. Over and over again 
she repeats the word “ Mama ’’ to 
the child. In consec|iience a connect- 
ing fibre develops between the image 
of the mother in the visual centre 
and the sound of her voice 
(“ Mama ”) in the auditory centre, 
lliis is an association fibre, which 
connects ideas (e). When the child 
sees the mother it recalls not only 
her appearance but also the sound 
“ Mama " (5); it identifies her. 

Learning to Speak * 

Next, the mother shows the 
child how to shape its .mouth and 
to expel the air. The child imitates 
her, and thus there arises between 
the auditory memory centre and the 
motor area a word-forming or articu- 
lation centre, the motor speech cen- 
tre of the temporal lobe, in which 
the stimulus image for the excitation 
of the cells in the motor centre is 
prepared. The child is now in the 
stage of inner, unspoken word- 
jormatlon (6). As a result of the 
child’s repeated efforts to express the 
word formed within itself by stimu- 
lating the cells in the motor area, 
connecting fibres (g) arise and an 
area, an intonation centre (7), is 
formed within the motor area for 
the combined activation of the oral 
and laryngeal muscles. Now upon 
seeing the mother the child activ- 
ates the vocal muscles from this cen- 
tre. The stimulus which the 
mother provides travels by way of 
the centres of vision, recognition, 
word memory, word-formation, and 
muscle innervation until the child 
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at last speaks (8) and says *‘Mama.” 

Aft Adult Says ''Car/' The chief 
activities of our intellectual life are 
seeing, recognizing and speaking. 
In reading this book we are carrying 
on these mental processes of seeing, 
recognizing, and speaking aloud or 
silently, for reading is nothing but 
a repetition of the printed words in 
the inner speech centre without any 
movement of the lips. If these three 
processes are united in a single pic- 
ture and the component elements of 
these processes are represented by 
well-known technical parallels we 
can obtain a picture such as 
Figure 301, A photographic pro- 
cess takes place in the optic tract 
(1-4), and a musical process in the 
speech mechanism (5-8). The pic- 
ture of .the car (1) is projected on 
the retina, the light-sensitive plate 
in the back of the eye (2); it is de- 
veloped in the optic thalamus and 
sent through the next neuron to the 
visual area at the posterior pole of 
the brain, where it is examined by 
the photographer (3). 

Stored images 

The photographer sees it, but 
in order to recognize what it repre- 
sents he projects it on the screen of 
the photographic library and sees 
that it corresponds to a stored 
memory image (4). When he has 
found the corresponding picture in 
his collection of “ dark memories,'' 
it lights up as “recognition,” and 
simultaneously in the adjoining 
word-memory section the name of 
the picture, “car,” also flashes on a 
screen (5). In the room where the 
language collection is kept lives an- 
other consciousness ceil, which is 
not a photographer but a musician. 
This musician secs the word “ car 
flash on a screen, and presses the 


syllable “ car ” on the keyboard of 
his organ, where the keys represent 
syllables. As a result of the pressure 
on the keys certain groups of cells 
in the motor centre are excited, and 
they in turn send the necessary 
action currents through the spinal 
cord tracts (6) to the vocal organ in 



Fig. 303. Association (II), This picture 
involves niany more associations than does 
the simple clock face in Figure 302. Assd^ 
dative memories suggest that it represents 
a memorial of the First World War, 

the larynx so that it can produce 
the sound that aural memory asso- 
ciates with the image of a car (7). 

What we have slowly read and 
traced in the picture over a period 
of five minutes occurs in our nervous 
system in a fraction of a second. 
During the two minutes that it takes 
to read a page of a book, approxi- 
mately three hundred such group 
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images of printed words pass 
through our eyes to the occipital 
centres, and rheiice by way of the 
motor centres down to the oral 
muscles — an incomprehensible 
achievement of the double photo- 
graphic-musical machine in our 
head. If we could watch a six-cylin- 
der car engine running at high speed 


observed in the motor-car engine 
The Association Fibres, The 
various areas and centres of the 
brain are connected liv neurons, llie 
fibres of the neurons form areas in 
the brain which are tiic scat of a 
function which we know the brain 
to possess, that of association; they 
are known as association fibres [Fig. 


Fig. 304. Association (III). After the two preceding elementary examples of mental 
associatioiu we have here a drawing that is still childishly simple yet is sufficient to evoke 
a whole world of associations, memories and emotions. Already, in our imagination, 
we can hear the roar of the unseen train which, we feel sure, is relentlessly approaching ! 


what a marvellous sight we should 
see! In a fraction of a second 
dozens of mechanical, electrical, and 
chemical processes, widely separated 
from one another, occur in a definite 
order; they arc ingeniously co-ordin- 
ated, they stop and start automati- 
cally a dozen times a second, and 
when a motor-car is travelling this 
continues for hours and hours with- 
out interruption — a performance 
which astonishes us time and again! 
As one reads these lines, the speed, 
variability, and co-ordination with 
which the brain wdthin the skull 
is working are as great as those 


305]. Look at Figure 30s. We sec 
the picture with the cells of the 
visual cortex. However, immedi- 
ately after the arrival of this stimu- 
lus, an impulse which arises in the 
visual cells is carried to the neigh- 
bouring memory centre, where it 
tries to establish contact with our 
collection of memories. A connec- 
tion is made with the memory image 
of a clock. After having found tlie 
memory image of a clock, we exam- 
ine the face of the clock. and deter- 
mine that the longer of the bands 
is horizontal on the left side, while 
the shorter one points upwards to 
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the right. In consequence we come 
to the conclusion that it is 1.45. 

Figure ^]Oi> stimulated us to a very 
simple train of thought that requires 
but very few associative memories. 
Figure 303 is already more complex. 
VVe see two parallel lines that cross 
two other parallel lines. Below we see 
a. trapezoid, upon which we read the 
numbers “ 1914-1918.” This picture 
requires many more, as well as more 
complex, associations: the lines form 
a cross; the trapezoid beneath it is 
a plinth; 1914-1918” refers to the 
First World War. All these associa- 
tive memories lead to the conclusion 
that this is a memorial in honour 
of those who died in that war. 

Wordless Drama 

Even Figure 304 is still so simple 
that it could be included in a chil- 
dren’s book — yet how many dozens 
of associations, how many experi- 
ences and memories are necessary in 
order to understand it, and how 
many ideas and sentiments does it 
stimulate! Entire brain centres are 
excited by this motor-car driver 
who is acting contrary to all the rules 
that regulate motor-vehicle traffic. 
In our imagination we can already 
see and hear the approaching ex- 
]ness train, and, depending on the 
manner in which we associate things, 
wc can construct an entire picture 
of the approaching catastrophe. 

The Associalion Areas. The asso- 
ciation fibres consist of short ones 
that connect the cells within a par- 
ticular area [Fig. 305], and long 
fibres fielween different areas. The 
main bundles of association fibres 
connect the frontal, temporal, and 
occipital lobes, and we speak of ante- 
rior, central, and posterior associa- 
tional areas. Abstract processes of 
thought, concept - formation, and 


subjective associations are supposed 
to be located in the frontal lobe. 
Flere lives the reflective part of the 
personality; it is the dwelling-place 
of the philosopher. The central 
associational area of the temporal 
lobe is the seat of all the connec- 
tions that are made through the 



Fig. 305. The apparatus with which we 
carry out thought processes. Among the 
dark cortical cells is seen a perpendicular 
sheaf of association fibres which form local 
connections between the feeling and the 
thinking cells. Similarly, the frontal, temp- 
oral and occipital lobes are all connected 
by longer association fibres. 

agency of the centres of word- and 
sound-formation which arc located 
there — that is, all musical and 
speech processes. Here live the 
orator, the musician, and the person 
with a talent for languages. The 
posterior associational area takes 
care of visual impressions. With the 
help of this area we recognize and 
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Fig. 306. The absolute weight of the brain. Although the brain of man ( weighing 
f400 gm,) is far from being the largest of animal brains^ yet in a series of brain weights 
it takes its place among those of much larger animals (c). If man were grouped according 
to the weight of his body, he would have to be placed at (i). 

comprehend , the world. Here the On this account large animals have 
connections between the individual large brains to supply the needs of 
and his environment are established, their large bodies. The brain of a 
and from this area arise the pictures big whale is six times as large as a 
of imagination and dream life. The human brain, and that of an ele- 
associational areas are developed to phant is three times as large [Fig. 
a varying degree in diflerent people. 306]. Man occupies third place, al- 
Each of us appears to prefer one . though according to his size he 
particular type of association, so that should not be occupying a place be- 
in general three types of human be- tween a rather small whale and a 
ings may be distinguished on this horse, but should be standing where 
basis: a visual type of person, who the shaded human figure has been 
grasps most easily that which is seen; placed, between the tiger and the 
an auditory type who is most re- sheep. 

ceptive to acoustic stimuli; and a The Relative Weight of the Brain. 
type of person who is inclined to The relative weight of the brain is 
abstract thinking and a considera- , the relation between the weight of 

tiori of objects of thought from a the brain and that of the body [Fig. 

conceptual point of view. 3 ^ 7 ]- The smaller an organism, the 

The Absolute Weight of the greater is its relative brain weight. 

Brain. The human brain weighs In the canary the weight of the brain 
about 1,500 grammes (3^ pounds), amounts to of its total weight, 
Man does not possess the largest while in a whale it amounts to 
brain among living creatures, since of the total. A newborn human be- 
the brain is not only the organ of ing has the greatest relative brain 
mind, but primarily and originally weight (J ) of all creatures. Com- 
a reflex apparatus for sensory per- pared with that of an equally heavy 

ception and muscular movement, domestic animal, the weight of the 
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Fig. 307, The relative weight of the brain. In proportion to the weight of the body, 
small animals have heavier brains than large animals. The relatively heaviest brains 
are those of songbirds (b) among warm-blooded creatures, and, among mammals only, 
those of mice (f). According to its body-weight, a newborn child ought to have a brain 
as heavy as that of a dog (n) — that is, gig of its body-weight; yet of all warm-blooded 
creatures its brain has relatively the greatest weight — 7 of the body-weight ( a ) . Again, 
the brain of an adult human might be expected to have a weight of approximately ggi 
of that of his body (o). Actually, the proportion is much greater, being nearly ^ (g). 


human brain should only amount to 
of the body weight (see shaded 
human figure), but actually the 
weight of an adult human brain 
amounts to 4^^ of the body weight. 
Thus man does not head the list 
as regards either his absolute or his 
relative brain weight, but in both 
cases he occupies a very favourable 
.place. 

The Development of the Brain in 
the Course of History. As the animal 
series dearly shows, the development 
of the brain began among the apes. 
The position of the ape is likewise 
more favourable than might be ex- 
pected. Characteristic and at the 
same time decisive for man is not 
the fact that the brain has increased 
in size, but rather that it has been 
transformed and has developed the 
frontal lobe, as evidenced by Figure 
2C)£i. If one superimposes the skull 
j)rofiles of an ape, of the prehistoric 


man of Java (Pithecanthropus — 
1,000,000 years old), of the Ice Age 
man of Europe (100,000 years old), 
the extant Australian blackfellow, 
and the modern European, one re- 
cognizes that while the size of the 
brain has not changed greatly dur- 
ing the past 100,000 years, its form 
has changed very much. The brain 
has pushed forward so that modern 
man surpasses his ancestors not so 
much by the greater size of his brain 
as in the possession of the frontal 
lobes [Fig. 308]. The forehead makes 
the man! 

Brain and Race. Most of the state- 
ments in the literature concerning 
differences in the size of the skull 
and the weight of the brain among 
various races and peoples are of 
little value. From a technical point 
of view the study of the brain is one 
of the most difficult fields of quanti- 
tative biology. Most of the measure- 


THE CENTRAL NERVOUS SYSTEM 


448 


merits of the skulls and brains of 
primitive peoples have been made 
by travellers or expeditions. Often 
the investigators had no specialized 
training and the investigations 'were 
almost always carried out in haste 
and without the necessary prepara- 
tion, Difi’erent investigators used 
different instruments, chemicals, and 
methods, and, even more important, 



Fig. 308. The skull profiles of (a) an ape, 
(b) the prehistoric man of Java, (c) a 
Stone Age man, (d) an Australian black- 
fellow, and (e) a modern European. During 
recent ages, the human skull has not grown 
much larger, but it has become more 
prominent across the brow, as the frontal 
lobes of the brain have developed. 

the studies were made upon com- 
pletely uncontrolled samples of 
human material that the investiga- 
tor obtained by chance during his 
journey. If one examines these 
studies carefully, one finds that 
opinions regarding entire peoples 
were often expressed on the basis 
of a dozen rapidly perfoi'med in- 
vestigations. Yet even a mass in- 
vestigation of brains carried out by 
specialists in an African Negro vil- 
lage, either in a dry desert climate 
or in a hot humid tropical forest, 
may lead to results that differ greatly 
from each other and deviate sharply 
from results obtained by means of 
identical methods on equivalent 


hunirai materials in Europe. The 
brain consists of 70 per cent water; 
that is, it contains more tlian 
pounds of water. 11, us fact indicaies 
the wide margin of error to wliich 
such studies arc sulqect, due to the 
varying moisture coni cm of the 
brains at the time of investigation. 

Apart from the material sources of 
error involved, one must \'iew all 
statistical studies of this kind with 
the greatest distrust. Even in 
Europe the figures obtained by 
different investigators for the sim- 
plest weight determinations differ 
greatly. 

The apparently very remarkable 
fact that these investigators always 
obtain higher values for their own 
countrymen than for other nationali- 
ties seems to indicate the operation 
in these cases of a personal factor 
similar to the “ personal equation '' 
of the astronomers. For this reason 
little trust can be placed in most 
existing statistical studies of brains 
and skulls. Instruments and methods 
established and adopted by interna- 
tional agreement must be introduced 
for such measurements, and onlv the 
resLtUs of such investigations should 
be accepted as are carried out by re- 
cognized investigators under speci- 
fied conditions on sufficiently large 
samples and are confirmed bv scien- 
tists of other nations on the basis 
of independent control studies. Onlv 
thep will it be possible to replace 
the worthless, tendentious, pseudo- 
scientific literature of the present bv 
scientifically valid materials upon 
which judgments may ])e based. 

As we have already seen, in human 
biology the results obtained in man 
are quite often very different from 
those we expect and it ma}' be so in 
this case. This much seems certain 
at present: neither the size of the 
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Fig. 309. The supposition that the human brain surpases all others in the number 
and development of Its convolutions is a fallacy. Here, arranged side by side for 
comparison, are the brains of (a) a horse; (b) a dolphin; (c) an elephant; (d) man. 


skull nor the weight of the brain 
is in any direct relationship to iii- 
teilectuai achievement. The so- 
called primitive races have by no 
means the smallest sktills and the 
lightest brains; instead we seem to 
find a very diverse distribution of 
Imth skull size and brain size. Kaffirs 
have larger heads thati Scots, and the 
Eskimos have larger brains than the 
countrymeti of Huygens and Rem- 


brandt! With regard to the weight 
of the brain, Europeans are closer 
to Negroes than to the Chinese, who 
have the largest brains of all the 
races. Furthermore, the brain with 
the most extensive cerebral cortex 
and the most finely modelled appear- 
ance is that of — the Hottentot! 

Brain and Education. At the be- 
ginning of the present century the 
scientist Mobius compared the head 
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sizes of 100 educated persons with 
those found among 100 mentally de- 
ficient convicts, and arrived at the 
following result: the majority of the 
educated persons as well as of the 
convicts had average-sized heads. 
More convicts (10 per cent) and 
fewer educated persons (1 per cent) 
were found to have heads smaller 
than the average, while more educa- 
ted individuals (40 per cent) and 
fewer criminals (3 per cent) had 
larger heads than the average. 

Large Brains and Small 

Thus is obtained a result typical 
of all such investigations; 100 edu- 
cated persons as a group have larger 
skull and brain measurements than 
100 criminals. In individual cases, 
however, no relation can be estab- 
lished. There are educated people 
with small heads, and criminals with 
large ones. A small brain may be 
very valuable and a large one good 
for nothing. 

Brain and Talent, One arrives at 
the same result when the brains of 
productive individuals are com- 
pared. There is no direct relation- 
ship between the size of the brain 
and talent. Most talented individu- 
als have a brain of average size; a 
relatively large group have larger 
brains and relatively few have smal- 
ler ones. Nevertheless, the heads of 
three of the greatest geniuses in 
three different fields of activity, 
Raphael, Dante, and Bach, were 
smaller than the average. 

Exceptional Brains 

The largest brain investigated 
until now grammes or 4 lb. 

14^ oz.) belonged to an ordinary 
working man. The two largest brains 
of talented persons were those of the 
French lawyer Bouny, who had an 


extraordinary memory, and of the 
Japanese anatomist Taguchi. 

The Convolutions of the Brain, 
After the various methods of study- 
ing the brain based upon measure- 
ment had been found to !)e deficient, 
it was hoped that ^better results 
might be obtained by studying the 
individual convolutions. In this 
field, too, however, a number of pre- 
mature conclusions were readied, 
which upon critical re-examination 
proved to be incorrect. The first of 
these false conclusions, which is still 
to be found in a great many books, 
was that the human brain has the 
most finely developed convolutions. 
The brains of four mammals are 
shown in Figure 309: (a) horse, (b) 
dolphin, (c) elephant, (d) man. 
Which of these brains has the most 
beautiful convolutions? It is diffi- 
cult to decide. Yet one thing can 
be said : the brain with the coarsest 
and simplest convolutions is that of 
man! 

Retrogression 

An abundance of cerebral con- 
volutions is not an index of intelli- 
gence, as one usually hears, but 
simply the result of a lack of space. 
If a brain has not sufficient room 
to expand, its surface buckles and 
develops convolutions in order to 
accommodate itself to the restricted 
space. The dolphin has a brain 
with numerous convolutions because 
it is a pirate and has developed its 
skull as a weapon, so that the brain 
is forced to occupy a more restricted 
space. Here the many convolutions 
are an expression of retrogression. 
That is biology! 

Therefore the widespread idea that 
the numerous convolutions of the 
human brain are related to mental 
ability is to be accepted only with 
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great caution. Like all these ideas, 
it also contains a grain of truth, a 
general truth, which is only gener- 
ally true, however, and cannot be ap- 
plied to individual cases. In Figure 
310 twelve brains are arranged ac- 
cording to their weights. At the bot- 
tom is the brain of an orang-outang 
and above one of the smallest huihan 
brains yet found. It belongs to a 
female . idiot. ' Nevertheless,' ■ idiots' 
do not invariably have small brains, 
but often very large ones. 

, Oiit-slze Braks 

Like normal persons, idiots have 
small, average-sized, or large brains 
—no general law can be found. At 
the upper end of the series is the 
heaviest human brain that has yet 
been measured. It was also obtained 
from an idiot, an individual who 
was a mental defective because the 
connective tissue in his brain had 
proliferated to such an extent that 
the nerve cells could not develop. 
It has fewer convolutions, yet the 
large brains of normal individuals 
shown below it, with many convolu- 
tions and weighing 1,600 to ^,000 
grammes to 4-| lb.), belonged to 
ordinary people. 

In the centre of the illustration 
one sees the brain of an outstand- 
ing man of the nineteenth century, 
the historian Mommsen, There is 
no doubt that the convolutions of 
this brain are exceedingly well de- 
veloped. Yet one shoukl not be mis- 
led l)y these appearances. Momm- 
sen was almost ninety years old 
when he died, and the brains of old 
people, because they have shrunk, 
appear to have more convolutions 
than the brains of young people. 
On the other hand, investigations 
of the brains of other famous persons 
establish the fact that thev were 


Fig. 310. Comparative weights of selected 
brains: above the line are human brains. 
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by IK) means cliaracterized by an 
abundance oL' convolutions. In iso- 
lated instances remarkable devia- 
tions were found. The temporal 
lobe of tlie brain of Hans von Biilow, 
the fatuous musician of the Wagner 
period, and tlic first husband of 
Closima Wagner, had so many con- 
volutions that it was impossible to 
record them in the usual manner. 
The talented orator Gambetta had 
two speech convolutions instead of 
one, and in the brain of the brilliant 
Hungarian orator Szilagyi the speech 
convolution was 37 millimetres wide 



Fig. 311. Sections of the first human 
brains to be subjected to precise and 
exhaustive investigation. They are from the 
brains of (a) a Russian peasant, (b) Lenin. 
Lenin's cerebral cortex has 25 per cent 
more cells and association fibres than (a)^ 


instead of u; 9 f. However, when the 
lirain of the language genitis Sauer- 
wein, who wrote poetry in more than 
fifty languages, was investigtaed be- 
cause it was hoped tliat it would ixs 
veal interesting scientific discoveries, 
notiling striking was discovered 
despite very thorough study. M'he 
brain of Flelmholtz, who was a true 
mental giant, exluiiited nothing re- 
markable except for a slight devia- 
tion, on the basis of whidi attempts 
were made to explain his talents. 
I.ater the same deviation was dis- 
covered in a cliimpanzee. 

Cell Counts. After the failure of 
the nineteen tli-century methods, 
science began to pursue new paths. 
Under Czarist rule, Russia already 
had the most famous institute for 
lirain research, with scientists of in- 
ternational reputation. In the spirit 
of these traditions a special institute 
was established after Lenin’s death 
for the study of his brain; and the 
best-known specialist in this field 
w^as called from Berlin to conduct 
the investigation. 

Lenin’s Brain 

By means of apparatuses specially 
constructed for tlie purpose tlie 
brain was cut according to a pre- 
determined plan into more tlian 
30,000 sections, each having a thick- 
ness of millimetre and over a 
period of years the cells in tlie 
various layers were counted, like tlie 
stars in stellar photogra]>hs. For 
control purposes the brain of an 
average Russian was studied in. a 
similar manner, and it was found 
that the cells in Lenin’s brain 
formed denser clusters, and that the 
cells and the association fibres were 
more numerous [Fig. 311]. With in- 
vestigations of this type science has 
set foot upon a new and promising 
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path, bill ihe possibiiities of this new 
approacii will not be achieved until 
ten thousand brains of individuals 
famous for their accoinplishments 
have been subjected to minute and 
pj'ecise iiueslioalion, instead of the 
mere ten ihal, have been studied in 
this way until now. 

Brain. Weight in the Sexes 

Sex nud Brain. If one compares 
a male ]:)rain wiih a female brain 
(using modern methods), one cannot 
say which belonged to a man and 
which to a woman. H(nvever, if lOO 
male In'ains are weighed, an average 
weight oi' L.|5o gratmnes is obtained, 
wliile the average eight of loo 
fcanalc brains is only 1,250 grammes. 
I’his difference in weight is striking 
and is not due alone to the fact that 
the female body is smaller than that 
of the male, llic dill'ereiices are 
already considerable at birth and 
can he explained only by the funda- 
meiually different biological posi- 
tion of man and woman. In other 
words, the lesser weight of the 
female brain is a sccondafy sex 
characteristic. 

Tilt' Slrrj) Cnifrr. Sleep,, which 
is so important for the u'estoration 
of the fatigued organs and tissues 
of tile body, has been the subject 
f)f considerable study, yet a com- 
pletelv satisfactory explanation of 
sleep is still lacking. It appears 
probable, however, that tlic sleep- 
ing and waking of the body arc regu- 
lated l)v a complex centre in the 
depths of the brain, which, is known 
as the sleep centre, lliis centre is 
regulated by the blood. Neuro- 
nuiscular excitation is accompanied 
by chemical processes, in the course 
of which acetylcholine, as well as 
other substances, including calcium, 
are liberated at the ends of the 
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nerves, especially at the neuromuscu- 
lar Junction. In the course of a day 
calcium passes ‘in to the blood and 
stimulates the sleep centre. If cal- 
cium is injected directly into the 
sleep centre, the animal falls asleep 
immediately. However, if calcium 
is injected into the bloodstream, 
fatigue and sleepiness do not appear, 
since the sleep centre must first be 
“ sensitized ” b\' special fatigue sub- 
stances such as lactic acid before it 
will react to the calcium. 

Sleepy Sickness. Our knowledge 
of the sleep centre is due in large 
measure to a disease known as epi- 
demic encephalitis or encephalitis 
lethargica. This disease attacks the 
brain stem and may produce either 
sleeplessness or somnolescencc. If 
the pathological process advances 
antero-posteriorly, the sleep centre 
is injured first, and the patient can 
no longer sleep. If the disease pro- 
cess stops at this point, the affected 
individual will be troubled by in- 
somnia for weeks and even months. 
On the other hand, if the process 
creeps from the posterior part of the 
brain stem anteriorly, the ^raking 
centre is the fii'st to be put out of 
order and the individual is no longer 
able to rvake up. He sleeps for weeks 
and even months. Such are the 
cases that are reported' in ihe news- 
papers. “ A young girl has been 
sleeping without interruption for 
nine years. . . 

Brain Sleep and Body Sleep 

Rigidity of the Body and Soninam- 
bulism. The sleep centre blocks, on 
the one hand, the cerebral cortex, 
so that the individual’s volition and 
consciousness are abolished (brain 
sleep), and on the other the ganglia 
of the brain stem, so that the in- 
ternal organs arid limbs fall asleep; 
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for example, the muscles lose their 
tonus (body sleep). Normally both 
reactions are connected, but under 
certain conditions they may be separ- 
ated. If a chicken’s head is pressed 
against the ground and a line is 
drawn with chalk right in front of 
its eyes, it fixes its attention on the 
line and cannot move because the 
cenHe which controls the position 
of the eyes is closely connected with 
the sleep centre and certain positions 
of the eyes interrupt the function of 
the motor fibres of the pyramidal 
tract, thus producing temporary 
paralysis. 

Hypnosis 

The hypnotist accomplishes some- 
thing very similar. By concentrating 
the subject’s attention on some 
single stimulus, such as a point of 
light or perhaps the hypnotist’s 
finger, thus reducing the scope of 
orientation of the subject in his sur- 
roundings, the latter is placed in a 
state favourable for the onset of 
sleep. This effect may be enhanced 
by holding the finger very close to 
the eyes of the subject until fatigue 
of the eye muscles ensues as a re- 
sult of the concentrated effort which 
is made to maintain ocular conver- 
gence. When this occurs the opera- 
tor suggests that the subject’s eyes 
are closing in sleep. Conversely the 
cerebral cortex can sleep while the 
body is awake. An excessively tired 
soldier may fall asleep while march- 
ing; his brain sleeps, that is, but his 
legs continue to march along with 
the column of soldiers. In the case 
of individuals with abnormal modes 
of reaction of the nervous system, 
brain and body sleep may sometimes 
become disassociated; such people 
get out of bed while still asleep and 
walk about (somnambulism). The 


cerebral cortex continues to sleep 
while the body is awake. Genuine 
sleep-walkers are ol)servcd very 
rarely. Shakespeare lets the mur- 
deress, Lady IMacbeth, who is being 
tormented by pangs of conscience, 
appear as a sleep-walker. Extremely 
impressive is the separation of body 
and brain sleep in. hypnosis, where 
either type of sleep can be turned 
on or oil at wnll as in a machine, 
thus enabling the hypnotist to 
achieve the remarkable phenomena 
of the hypnotic state. 

How Much Sleep Does a Person 
Need? Actually, just as with most 
other questions dealing with modes 
of living, there is no generaily valid 
answer. Every person shouM sleep 
as long as he needs in order to feel 
happy and be able to work in the 
best possible manner upon awaking. 
How one sleeps is not so important 
as how one awakes. In judging a 
person’s life, we don’t ask how long 
he slept, but how he lived and what 
he accomplished during his waking 
hours. History recorcls many in- 
stances of famous persons who could 
be active day anci night with only 
the shortest spells of sleep — some- 
times little more than a nap in their 
chairs. 

Long Sleepers 

In contrast to these “ short ” 
sleepers, history records almost simi- 
lar numbers of “ long ” sleepers 
whose achievements have made them 
equally famous. Goethe an d Schopen 
hauer were long sleepers, and 
the philosopher Kant was such an 
unnaturally long sleeper that his 
servant received instructions to 
awake him after he had slept seven 
hours, and despite any protest, to 
remove him forcibly from bed. The 
explanation of the restful effect of 








Fig. 312. Block anaesthesia. In this form of ancesthesia the nerves are rendered 
insensitive by injecting cocaine around them at the point of origin. In this way the area 
supplied by the nerve is amesthetized for about an hour. 
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a short sleep is the fact that it is a 
deep sleep. During the night before 
the Battle of Gauganieia, Alexander 
remained awake longer than anyone 
else. Then, wrapped in a cloak like 
his soldiers, he lay down on the 
earth. He slept so deeply that he 
did not hear the noise of the army 
preparing for battle. His general 
Faiinenio had to wake him three 
limes to give the command to 
attack. 

Insoninla. Just as thei'e are differ- 
ent types of sleep, there are also 
dilferent types of slee])lessness: de- 
lay in falling asleep, shallow sleep, 
and premature awakening. A per- 
son may sleep eight hours, but his 
sleep may be so shallow that despite 


a sufficiently long sleeping period he 
may still not have had enough sleep. 
In order to treat insomnia raiionailv, 
the type of slceplcssjiess and its cause 
must first be determined. It is 
senseless to take a iiypnoiic ihal acts 
slowly and has a prolonged effect, if 
the person in cjuesiion is simply un- 
able to fall asleep but sleeps \cr\ 
well after having fallen asleep. On 
the other hand, a hypnotic which 
does not produce a prolotigcd effect 
is of little \'aliie when a person 
suffers from premature awakening. 
Above all, the cause of the siec]) dis- 
turbance must be rccogni/ed. Fre- 
quently insomnia is due only to an 
error in the technique of goin 
sleep, 


Fig. 313. Complete, or general, anmsthesla. Narcosis of the brain (IV) may be 
achieved in one of three ways. Inhalation anaesthesia (I) follows the sequence: inhaled 
air (containing a volatile anaesthetic)-— timhea^limgs-~~hlood~~brain. Rectal anaes- 
thesia (II) proceeds thus: enema— rectal vessels— liver— blood— brain. Injection 

anaesthesia (III) takes the direct path: vein— blood— brain. 




ANJlStHETlCS./' , 457 


hypnotic, bin. rather enlightenment 
and education. The aim of a 
rational trealincni of insomnia is to 
sec* tiuit tile patient obtains his 
naiuial amount of sleep without the 
aid of hy|.)notics. 

J nrc.sUiesia. Amesthesia is one of 
the greatest achievernents in the 
history of medicine — indeed, in the 
etitii'c history of human progress. 
Hie b c‘ 1 1 e h t wh i ch amesthesia 
brought to iriankiud, and the iim 
jiulse w'hicli it furnislied for the de- 
\elopmeni ol' medicine and research, 
can hardly be expressed in words. 

Inhalation 

I he “classic’’ form of amesthesia 
is inhalation amestiiesia. A mask 
placed over tiic mouth is saturated 
with a vc.>ialile narcotic, such as 
chloroform or ether [Fig. (I)]. 
d'he iuhaled substance passes 
thi'ough the lungs into the blood 
and narcotizes the brain (IV). In- 
lialation amesthesia, wiiich is still 
the most c<mnnonh' used type at pre- 
sent, lias the great aiivantagc that it 
can be regulated. Depemling on the 
needs of llte opei’tuiom the aiiics- 
thesia can be kept light or deepened, 
if can be extended over a long 
]}criod of tiiiic or interrupted. It 
.lias the disadvantage that it is un- 
pleasant for the patient. Flowever, 
this need not be the ca.se if the 
patient ha.s been adequately pre- 
paied h) means of appropriate seda- 
tives, and above till il the administra- 
tion of the amesthetic is in the hatids 
of a trained anteslhetist. 

Ittjectiori 

During recent \ears volatile anx’S- 
tlietics have to .some extent been re- 
placed l>v hvj>notics that are not in- 
iialcd but ^vluch are administered 
to the body by means of an enema 


(II) or by injection into the blood- 
stream (III). These newer methods 
still have some drawbacks, yet it is 
probable that they will be used more 
and more as these unpleasant fea- 
tures are removed. Characteristic 
of all forms of general amesthesia is 
the fact that the amesthetic reaches 
the brain by way of the blood and 
paralyses consciousness. 

Local Amesthesia, Approximately 
at the same time that the }X)wer of 
ether and nitrous oxide to induce 
anaesthesia was being discovered in 
America, an Englishman named 
Wood invented an instrument ^vhich 
is as simple as it is ingenious. This 
is the hollow needle or canuia, which 
has been little appreciated, but which 
has probably become as important for 
mankind as amesthesia, the incandes- 
cent lamp, or the aeroplane, since 
by means of such needles medica- 
ments are injected into the body 

One can estimate that from one 
to two million people are saved from 
a premature death annually by the 
use of Wood’s needle, by means of 
which it is possible to introduce 
medicaments rapidly into the blood- 
stream without any damage or dilu- 
tion by the digestive juices. Numer- 
ous important therapeutic methods 
such as serotherap}' — that is, the in- 
jection of antitoxins and vaccines 
against diphtheria, typhoid, cholera, 
etc. — Salvarsan treatment of syphilis, 
insulin therapy of diabetes, techni- 
cally complicated dental operations, 
and, above all, the entire experimen- 
tal technique in the laboratory for 
the trial of medicaments rest upon 
the possibility of introducing sub- 
stances into the body by means of 
Wood’s hollow needle. 

Local anaesthesia is a general term 
comprising a number of methods by 
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means of which the operative area 
itself, and not the brain, is rendered 
insensitive by anaesthetizing the 
nerve endings or the nerve tracts. 
Cocaine Sivab. The oldest and 
simplest method, which is still used 
today, is to swab the mucous mem- 
branes with cocaine. It deadens the 
ends of the nerves, so that the 
painted area can be treated without 
producing any sensation of pain. 

How Cold Deadens Pain 

Freezing. It is well known that 
w'hen the fingers or the ears become 
cold in frosty w(?ather, they become 
insensitive. Intense cooling renders 
the nerves unable to conduct sensory 
stimuli. This experience is utilized 
in anaesthetizing smaller skin areas. 
Ethyl chloride, a rapidly volatilizing 
substance, is sprayed on the area to 
be anaesthetized. In consequence of 
the evaporation of the ethyl chloride 
the area cools off rapidly and be- 
comes insensitive, so that minor 
operations wdiich do not take much 
i,ime may be carried out painlessly. 

llie injection of cocaine solutions 
into tlie tissues has become more im- 
portant than these two surface 
methods. If some adrenalim is 
added to the cocaine so that the in- 
jected solution is not removed 
rapidly by the blood but remains in 
the tissues for some time, the in- 
jected area remains amesthetized for 
approximately an hour. It is not 
necessary to saturate the entire area 
in which one wdshes to operate, but 
simply to inject the solution at the 
boundaries of the area so that the 
nerves are unable to conduct any 
impulses and the surgeon can 
operate painlessly in the ana::sthe-; 
tized space [Fig. 314 (I)]. 

Block Anaesthesia. Arms and legs 
are rendered insensitive by injecting 


the anaesthetic solution around tiic 
chief sensory nerves in the slH)uldcr 
or hip region. 'Fhc nerves loses its 
conductivity after beijig mli it rated 
with cocaine, so that the entire area 
which it supplies beyond the point 
of injection becomes irtscnsitivc. A 
person whose arm nerves have been 
cocainized in the sliouldcr region 
has a feeling that his arm has been 
taken away from his !)ody, tind he 
must convince himself by looking 
at it and touching it that he still 
has his arm (II). Naturally, besides 
the arms and legs, any other region 
of the body can be amesthetized by 
means of block amesthesiu if one 
infiltrates cocaine into the nerves 
supplying the area, as showm in 
Fig. 312. 

Spinal Anaesthesia. The spinal 
cord is the largest of all nerve trunks. 
A canula is introduced into the 
spinal canal, where the spinal cord is 
suspended, and a cocaine solution 
is injected. In consequence all the 
tracts of the spinal cord are anaesthe- 
tized [Fig. 314 (III)]. The patieht 
feels as if his body ceases to exist 
at thedevel of the injection. 

Modern Miracles 

Injecting the spinal cord to cause 
anaesthesia is no greater miracle than 
the other forms of anaesthesia. If the 
two greatest physicians of antiquity, 
Hippocrates and Galen, were to wit- 
ness a modern operation and see 
how^ a person who had just been 
walking and talking is asleep ten 
minutes later, how his abdomen is 
opened, and how this person upon 
awakening later in his bed remem- 
bers nothing of what happened to 
him— if they \vere to .see this, their 
astonishment w'ould be boundless 
and in accordance with ancient 
usage they would declare these phy- 
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al, anaesthesia, (I) The injection of cocaine round a small 
sensitive for operation. The insensitive area is shown dotted, 
injection of the ancesthetic around a main nerve trunk in order 
The insensitive area is denoted by vertical lines, 
m of an ancesthetic into the dural sac of the spinal 
part of the body is deprived of feeling. Horizontal 
. As a result of' spinal ancesthesia, it is possible for 
y while a severe operation is performed upon his leg. 

But wait, he 
, His voice 


Fig. 314. Partial or lot 
areciy so as to render it in 
(!I) Block amesthesia, or 
U) aiuesthetize an entire limb. 
(Ill) Spinal aiuesthesia; injectio 
cord, by which the entire lower 
lines indicate the Insensitive area, 
the patient to read in tranquillit^ 


siciaiis worliiV oi hiviiie honours. 
Spinal aiuesthesia iuiwevcr, demon- 
strates ibis miracle in a more drama- 
tic and striking manner than am 
other form of aiuesthesia. We sec 
a man sitting in a semi-inclinec 
('hair. I’he surgeon has given liin 
a newspaper so tiiai lie will be occu 
pied; and while the patient is read 
ing the papta* a growth is rcmove( 
irom his leg. )'et he icels nothin, t 
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iX: THE SKIN AND THE SENSORY ORGANS 


CHAPTER XXXVI 


The Skin 


THK MOS'l" niVERSlFlED ORGAN. HUMAN LEATHER. FINGERPRINTS. 
niL i n KXALLV ^i'OlJTHFUL SKIN, THE FIAIR. THE FATTY SKIN 
GRF.AM, S\\ FAT. THE AGll) COAT, MASSAGE OF THE SKIN. BATHING. 


SI N-P>A niS. HOLIDAY RULES. LIGHT AT PRESExNT AND IN THE FUTURE. 



A XA'OXI^’ (onsidering the human isms, and how many invisible chemi- 
JxKh is kiii|)U;d to ol)serve of cal and physical mysteries which our 
ca<i} organ in f ui n : "'fliis is the most instruments have as yet been unable 
wondeilul oi‘ all the organs.” How- to elucidate! 

c\er, one soon recalls what one has The skin is one of the largest 
previoiisly learned (onceniing other organs in the body. The other 
organs: the laniasiic slruciure of organs are compact and take up as 
the bones with the i)i>ne-marrow little space as possible. The skin, 
which prodiues se\eral hundred on the other hand, is like pastry; 
miilion !)iood cells every second; the it is rolled out as extensively and as 
beating heart, uliich lor seventy thinly as possible, forming a thin 
Aears sucks in and expels one-sixth coat, 
of a tjuarl of blood every second; 

the \i\cr within a ihimhlefui of whose Complexity of the Skin 
suiislance are carried on as many The entire skin weighs twice 
chemical j>ro( esses as in a factory; tlie as much as the liver or the brain. It 
brain with its millions of telephone receives one-third of the circulating 
connexions and nusleritms finictions blood, and its surface extends over 
of const iousness- n uly it is impos- ^>0,000 square cenlimetres (3,100 
sihle to give preleremt' to any organ square indies). In each one of these 
of the hod\. 20,000 square centimetres we find in 

abundance the various structures 
A Wonderfyl Organ . grou{)ed around the human head in 

'I he human skin is likewise an Figure 318. Within each such area 
organ the sigin of which tempts one there are 100 sweat glands, 15 sebace- 
urhcsiow the grand prize upon it, ous glands, and hundreds of signal 
\Muu a profusion oi organic striic- apparatuses; 39 inches of blood ves- 
tures in such a narrow space! What sel and 156 inches of nerve can be 
a profusion ol networks, cables, an- removed from a piece of skin as large 
Jenme. switches t)f tissues, glands, as a postage stamp, and each such 
hluod vessel loops, ahum mechan- })iece is composed of three million 
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cells. In order to ciilcultite the total the two layers, and the epklcainis 
number of org'an siructures con- is eicvaied to iorm a i)l3sier. I he 
tained in the skin {lie numbers given peeling ol the skin alter a sunhju'n 
in Figure must be nmlliplied by is likewise due to a shedding of the 
20,000. epidermis, which peels oil like very 

Human Leather. The skin con- thin tissue paper, 
sists of two tissue layers [Fig. 316], 
a thicker deep layer of interwoven A Grim Present 
connective-tissue fibres (the cerium) We are also well acquainted with 
(II), and a superimposed delicate the coriuni, since leather is skin from 
membrane (epidermis) composed of which the epidermis has been re- 
epithelial cells (I). Every oiie of us moved in the process of tanning, 
has already become acquainted with leaving the corium. If human skin 
the difference between the corium is tanned, one obtains leather which 


and the epidermis. If we burn our- 
selves, some fluid collects between 



Fig. 316. The basic structure of the skin. 
There are two layers: (I) the epidermis 
qnd (U) the imderlvin^, fibrous corium. 


' i 
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is so similar to the kid leather made 
from goatskin tliat tlie two ma}' be 
confused. liuman leather is very 
beautiful, even finer and softer than 
kid, and it is comprehensible that 
barbaric peoples mj|^de war cloaks 
out of the skins of the enemies whom 
they killed in battle. It was prob- 
ably not a very pleasant sensation to 
face an enemy arrayed in a human 
skin and to think that perhaps 
several days later you yourself would 
be dangling from his shoulders as 
a flapping cloak. 

It is said that the Venetian 
Governor of Cyprus w^as flayed alive 
by the Turks, who stufied the skin, 
dressed it in his uniform and decora- 
ted it with the orders of the Gover- 
nor, and sent it to the Sultan at 
Constantinople. The Hussite leader 
Ziska ordered a di iim to be made 
from his skin, “ so that you shall 
light as victoriously when it sounds 
as if you had heard my own voice.” 

The Ridges of the Skin. In cold- 
blooded animals the epidermis lies 
smoothly upon the corium. In 
mammals, however, these two layers 
enter into a more intimate union. 
The corium buckles xvhere. it meets 
the epidermis, forming connective- 
tissue pegs known as pa pill re tliat 
project into the upper layer, which 
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is moulded over them, thus creat- 
ing a firmer and more intimate at- 
tachment Among the lower verte- 
brates these pegs are scattered at 
random. In ihc ape family they are 
arranged in rows; coires]>onding to 
these rows the epidermis is elevated, 
(‘orming parallel ridges [Fig. 315 (g)]. 
if one exatnines the tips of the lin- 
gers, one sees a network consisting 
of such ridges, lliese are the tactile 
ridges wliich contain the ‘Aouch ” 
rece|>lors of the skin, These sensory 
apparaln.ses are installed in such a 
nuinner that their position is not 
shilled \)x pressure or traction on the 
skin, w'hh the result that the stimu- 
lus image derived from tlie sense of 
touch is not ilistorted [Fig. 315 (k)]. 
The width of the ridges is constant 
for every person and amounts- to 
i : 21? of the height of the seated 
individual. From tlie fingertips to 
the wi'ist there are three hundred 
ridges. 

Changeless Characteristics 

Fingerprints. Put a trace of fat 
on the tip of your finger and press 
it against the surface of a clean plate, 
lu this way one obtains a negative 
impression of the ridges or, as it 
is commonly called, a fingerprint 
[Fig. 320 (a)]. This is characteristic 
and unciiangeable for every person, 
if the skin of the fingertips is burnt 
several limes in succession, as two 
physicians have done in the service 
of science, the same fingerprints ap- 
]>ear each time after the burns heal. 
'Fhe identity of the fingerprints can 
i;)e proved by superimposing their 
enlarged idiotographs without ob- 
taining any blurring. 

Dnefylosropy. I’he Asiatic peoples 
discovered the individuality and im- 
mutability of fingerprints very early, 
and since ancient times employed 



Fig. 317. The epidermis (I) is attached 
to the corium (11) by innumerable minute 
cones composed of connective tissue. 
These cones, arranged in rows, elevate 
the epidermis,, producing the character- 
istic ridges of the skin. 

them for signatures and seals. In 
Biblical Nineveh bills were receipted 
by a fingerprint. Europeans learned 
the method in eastern Asia, where 
it was employed for the personal 
identification of plantation workers 
and to prevent any confusion of 
identities in quarantine stations. In 
Europe the authorities in all coun- 
tries refused to recognize this simple 
as well as reliable method for many 
decades. 

Not, however, until the famous 
English scientist Gallon had agitated 
energetically for many years was it 
possible to overcome the tenacious 
resistance of the bureaucrats and to 
elevate dactyloscopy to an interna- 
tionally recognized means of identi- 
fication. We human beings deserve 
no credit for dactyloscopy, since we 
did not invent it, but only dis- 
covered it. We can therefore truly 
say that it is a real miracle, both of 
nature and of mathematics. On 
comparing a rather large number of 
prints, one hundred difl'erent chai'- 
acteristics rnay be detected without 
difficulty In order to find two 






Fig 318. The amazing complexity of the human skin. One square centimetre of skin 
contains (from left to right): 2 sensory apparatuses for cold, 2 for heat o million celh, 
an average of 10 hairs, 15 sebaceous glands, I yard of blood vessels, 100 sweat ulttfuK 
3 000 sensory cells at the ends of nerve fibres, 4 yards of nerves, 25 pressure apparatuses 
' for the perception of touch stimuli, and 200 nerve endings which record pain. 


people whose index-finger impres- 
sioris correspond in tivo characteris- 
tics it is necessary to examine an 
average of sixteen individuals. To 
find Iwo people whose fingerprints 
resemble each other in three charac- 
sixty-four persons must be 
Four corresponding char- 
finger are found 
hundred and fifty 


people, ten such similar characteris- 
tics once among a million })eople, 
and seventeen among seventeen 
thousand million. In order to find 
another finger with the same hun- 
dred characteristics, one would have 
to observe the history of the world 
for four thousand million years be- 
fore a second person would appear 
with the same print on one finger. 
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Man, however, has not owe but ten though otherwise there may not be 
lingers, and eadi one, as we can even the slightest indication ol his 
prove by (‘xainining oiir own fingers, having done so. A dactyloscopic 
lias a difleicnt arrangement of miscarriage of justice is impossible, 
ridges. The Eterjially Y oufJrfu I ShJn. TiiG 

f ile greater the number of chan epidermis [Fig. 315 (A)] contains no 
a(lerisn<s involved in any investiga- blood vessels. Only its nethermost 
lion, she HH)re complicated is the cell layers (b) are supplied with 
work involved. Consequently, for nutritive materials and are alive, 
praesical ptirposcs criminologists They are very industrious; it is their 
have restricted themselves to the job to produce cells on a conveyor 
swelve most striking characteristics, system. The growth of the epicler- 
In accordance with the suggestion of mis takes place by a multiplication 
a Danish criminologist, special num- of the cells of tire deeper layers. The 
her synihf>ls were iiitrodiiced for the daughter cells are pushed upward 
individual characteristics. Thus the by the mother cells. In the course 
rcsidts of a ten finger examination of this process they are removed 
arc combined in a fonnula of the from their sourcesof nutrition and 
type exem|)iified in Figure 319. die. In consequence they undergo 

Fig. 319. A fhigerpnnt formula, such as is in universal use among police forces. 

Such a formula can be telegraphed a chemical transformation, the pro- 
to police stations all over the world, ' toplasm of the cells being converted 
and anyone who is registered with into a horny material. The lower 
tlie j)oIicc anvwherccan be identified half of the epidermis (b) consists of 
within a few hours. • cells that produce cells, the upper 

llie prohaltiliiy that these twelve half (a) of cells that have died and 
characteristics on anv one finger may have been converted into horn. The 
(Kcur in a second ])erson is as 1:24 human body may be regarded as a 
fhousand million; such a case may house covered with horn shingies. 
oc<'ur once every two hundred years. Horn is an ideal protective sub- 
ilowcver, since not one but all ten stance. It is light, insensitive, im- 
fingers are registered, such mistakes permeable to water, and a good elec- 
(an be consideted practically impos- trical insulator. The uppermost 
sibh*. layers arc detached at the same rate 

I'hr Afhievemcnls of Daciylo- at which the lower layers produce 
srojjy. 'I'hc dactyloscopic picture is new cells. The skin manufactures 
so certain that an error in the identi- many billions of new cells daily and 
ficaiion of a person can be con- sheds as many billions of dead horn 
sidered out of ifie question. If plates. The clean stockings and un- 
one finds a person’s fingerprint on derwear that are put on in the morn- 
an object, one can ])e sure that this ing are covered in the evening with 
person has loudied the object even detached horn plates from the skin. 
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If water is examined after it has been 
used for washing, hundreds of horn 
ceils will be found floating about 
in it like infusoria in the water of 
a pond. This uninterrupted detach- 
ment of the uppermost layers and 
the equally uninterrupted regenera- 
tion of the nethermost layers of the 
skin is the secret of the indestruct- 
ible, eternally young skin. Reflect 


vegetables, and in the afterufam her 
hands are innnersed in ln>t soap- 
suds; the skin is scratched, cut, 

singed, and caacked yet it always 

becomes as ik'W and beautiful and 
clean as it was in tlie beginning. 
'This eternal youth of the skin is 
due to the horny la\er. which we rub 
off with its dirt and scratches when- 
ever we wash, and beneath which 



Fig. 320. Fingerprints, used for identification, are impressions of the skin ridges on the 
fingertips. At (a) is an enlarged natural print; at (b) are shown differing types of ridge 
patterns; at (c) are typical figures which interrupt the ridges. 


for a moment: an ink spot on a 
tablecloth is a major disaster for any 
housewife since the spot cannot be 
ifemoved; a lace dress that has been 
soaked by rain is ruined; a grease 
spot on a light leather handbag can- 
not be eradicated, no matter whether 
we rub it or use a spot-remover or 
try some other method. But our 
skin is different; ink, grease, and 
iodine, silver nitrate or caustic soda, 
tar or rust have all stained our skin 
at one time or another. Today we 
take apart a motor-cycle or a type- 
writer; tomorrow we may be plas- 
tering a wall; in the morning the 
housewife peels potatoes and cleans 


there is always a new horn layer 
ready to become dirty again, to be 
scratched, abraded, and corroded. 
The human skin is a tear-olf pad 
with thirty layers of horn cells. I'he 
uppermost one becomes dirty [Fig. 
3s 5 (a)]. We go to tile washbasin, 
rub it off (b, c, d), and now tlie next 
page lies beneath it (c). Yet the 
block is never used up, for while we 
are using the top leaf, a new leaf 
pushes up from the lowest layer. 
Consequently when wc have rubbed 
off the thirtieth leaf on top, tiierc are 
again thirty leaves and not twenty- 
nine beneath it. This is indeed an 
“ eternal pad” from which we can 
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tear ofF a page six times a day with- 
out decreasing its thickness in the 
course of a liretimc. 

The History of C/cfin/f 'new'. Wash- 
ing with soap is a relatively recent 
practice. 'The people ol: classical an- 
U{|uity look care of tlieir skin, but 
they \s'cre not yet acc|uainted with 
soa[>, an<! c:onse(jiientIy employed 
the bothersome methods of sweat 
i)ath and massage. It is for this 
reason that baths occupied such a 
large place in the daily lives of the 
people of aiuiqtiity. 

A Lost Art 

During the dark period of the 
Middle Ages the art of caring for the 
skin was lost to a large extent, along 
with the ancient mode of life. At 
the court of the famous Catherine 
de’ Medici there were no washing 
facilities. Within six years the court 
changed its seat ninety times, so that 
the filtliy rooms could be rendered 
habital>le once more. The Escorial, 
the palace of the Spanish kings, con- 
tained three thousand rooms, but no 
bathroom. In the palace of the Sun 
King at Versailles there was likewise 
no bathroom". The only bathtub 
present was placed in the park and 
converted into a fountain, because 
no one used it. Naturally, the people 
of that period also cleaned them- 
selves, but at irregular intervals; and 
instead of washing they perfumed 
themselves several times a day. No 
wash-stand is to be found in the 
Goethe House at Weimar; the great 
pod washed himself in a basin no 
larger than a dessert bowl, using a 
wet sponge [Fig. 323]. In the course 
of the niiietecntii century wash- 
basins grew larger, but as slowly as 
|apanese dwarf trees. The splendid 
ii welling of Richard Wagner lacked 
a bathtul), but in contrast to 


Goethe’s washing facilities Wagner 
had a small wash-stand, and the 
“ dessert bowl ” washbasin had 
grown to the size of a small tureen 

Microscopic Mechanism 

The Hair. Two special append- 
ages develop from the horn layer: 
the nails and the hair. A hair de- 
velops as a small, solid down-growth 
of the epidermis which descends into 
the cerium, strikes root there, and 
then like a tulip bulb shoots upward, 
pushing its way through the layers 
of the epidermis, which it hnally 
perforates. In Fig. 315 at (d) we see 
a hair under low magnification: (d) 
the shaft, (e) the hair gland, which 
lubricates the hair with its fatty sec- 
retion, (f) the hair muscle, which 
erects the hair and compresses the 
gland so that its secretion is distri- 
buted over the shaft, keeping the 
hair soft and supple. The mechan- 
ism of this lubrication as well as the 
erection of the hair as a result of 
cold, fear, or disgust, creating the 
condition known as “ gooseflesh,” 
have been described already (page 
103 and Figure 87). The finer struc- 
tural details of a hair are shown in 
Figure 326. 

Development of Hair 

Like the epidermis, from which it 
is derived, a hair also consists of a 
cellular tissue [Fig. 326 (K)], which 
forms the ‘"soil” in which it grows, 
and the horny shaft (H), which is 
nourished and pushed upward by 
this ‘‘ soil.’’ Above, at the level of 
the letters (H) and (K), both parts 
are sharply differentiated; below, in 
the region of the root [Fig. 326 (P)], 
they merge. Here one sees the four 
layers (I-IV) (at the left in cross-sec- 
tion, on the right in longitiidinal 
section), and in them one recognizes 
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the c'clls which, by dividing and mul- 
lipiying, push the liair shaft upwards 
ihrougii the skin. As they move 
away from tiie growl h /.one the hair 
cells become converted into a horny 
material like those of the entire epi- 
dermis. They survive longest in the 
centre of the hair as the medulla 
I Fig. (m)]. On the outer surface 
ol' the hair (page 474, upper centre) 
the ce 1 1 s are H a t ten ed I i ke fi sh scales 
and lie on top of one another like 
shingles, tlius giving the hair a 
metallic appearance. At the outer 
edge of Figure (left) is the hair 
muscle, and surrounded by it is the 
fat gland of the hair. (N) indicates 
the nerves that surround the root of 
the hair, and beneath the letter N 
we see the large spherical fat cells 
from which the cells obtain the 
materials for constructing hair. 

The Screw Membrane 

An interesting accessory struc- 
ture is the screw membrane, 
which is seen on page 475 near (III) 
and also appears at (S), on page 474. 
I’he “ screw ” membrane is a glassy 
meinbvaue equipped with a screw 
thread, by means of which the hair 
root is screwed firmly into the tissue 
so that it cannot be lorn out. If 
one pulls out a hair, it is the horn 



Fig. 321. Many hundreds of years ago. 
Eastern races used fingerprints for per- 
sonal identification. This ancient Chinese 
document is sealed with a fingerprint. 


shaft whicli can be regenerated that 
is torn out, The irrephu cable ger- 
minal layer, lu)^ve\er, cannot be torn 
out, because it is screwed in In'mly, 
The 1 ' ensile Sirenglh of (he 
Hair, Sime the hairs are .so ingeni- 
ously screwed into tfie skin, they can 
withstand strong ti’action, 'Fheir 
icn.sile strength i.s etfual to that of 
zinc. A strong, single hair .sup|;)f>rts 
1.8 to ij.8 ounces, and the entire hair 
of the head can suppoil as much as 
3,600 to 5, .]{)() pounds [Fig. 
Chinese acrobats swing by their hair 
on a high irape/c and can th) it with- 
out worry, because before a well-ile- 
veloped pigtail tears, ten to twelve 
people have to hang on to their feet. 
The Colour of the Hair. Among 
the germinative cells of the root live 
cells that contain pigment. 'Fhese 
cells also multiply; their daughter 
cells wander upwards with the grow- 
ing hair shaft and die, leaving the 
pigment granules in tiie hair, llicy 
eKliihit all shades of brown, from 
a reddish colour to a deep black- 
brown. The horn substance of the 
hair, in which the ])igmcnt is embed- 
ded, is yellow. The colour of the 
horny material and that of the pig- 
ment granules mingle, giving rise to 
the infinitely varied shades of human 
hair, from blonde ti) black. 

The. (Ireyi)ig of (he Hair, Tlie 
greying of the iiair is a process which 
is ^till unelucidated. It is not due 
to a disappearance of pigment, !>Lit 
to the. appearance of aii* cavities 
among the medullary ceils of the 
hair. The origin of these air bub- 
bles and the causes imdeiiying their 
appearance are still disputed. Nerv- 
ous excitement favours the entry of 
air; worries, cares, and sorrow lead 
to premature greying of hair. 

The N urn her of Hairs. Man has 
300,000 to 500,000 hairs in his skin. 





HOW THE HAIR GROWS 


the skin. A fatty layer, mingled witn airt, cover. 

'/hen the skin is scrubbed with a brush (b), the 

■emoved mechanically. The soap forms innumerable bubbles 

.. which eventually will also be removed in its turn. 

lavc the hours o£ four and six o’clock. 

In order to obtain some concep- 
tion of the hair-production of the 
body let us assume that the hairs do 
not (>Tow out of the skin singly? ut 
send their total substance into a hair 
cable, just as a climbing bean^alk 
o-rows out of its many roots. Ihis 
universal hair would grow at a rate 
of 1.2 inches per minute. ’While one 
Hair is asleep in bed at night, thismniver- 
If an sal hair could creep out of the witn 
o o" dow, in the course of a day it could 
, day wander across the street, and at the 
■ding end of a year its tip could have 
t the travelled a distance of thirty-seven 

Lak miles. In one year the human skin 

teases, produces a “ hair ” equal in length 
'Yi ten to the distance covered by a tram in 

^ liciir one hour. _ *, 

rrowth The Embryonal Hair. Aboupthe 
’tween hundredth day of embryonal life a 


.llonde persons with tmei mm ua,. 

I somewhat greater number, daik 
Dcrsons with coarser hair about one 
[,„aricr less. Red-haired persons 
have the coarsest and consuquen ly 
the fewest hairs. The density ol the 
hair varies for the dlflercnt skin 
zones, just as the speed with which 
the hairs grow varies tioi 
t(j anotlier. 

The Grind h of Ihe t 
grows at the rate ol abc 
inch :i month, and abou 
inch dailv. In the cour 
the rate of growth vane 
to a certain rhythm. A 
htiir grows slorvly, but wi 
of thry i.he speed of grow 
rcaching its maximum 
and eleven a.m. The 
grows slowlv tigain unt 
'is once more actclera 
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thick coat of hair sprouts from the 
skin of the human foetus. After an- 
other hundred days these hairs are 
shed, float about in the amniotic 
fluid, and are swallowed with the 
fluid by the foetus. The first course 
at the banquet of nature consists of 
hair, and a human being’s first meal 
is a cannibal meal. He consumes 
human tissue, a piece of himself. 

Infantile Baldness 

Some of these hairs remain un- 
digested in the dark faecal material, 
known as meconium, which the 
child evacuates after birth. Many 
embryonal hairs are shed after birth, 
and the child vexes its mother by 
becoming bald. If, as happens in 
exceptional cases, the hair coat is 
not shed but continues to grow, the 
abnormal condition known as con- 
genital hypertrichosis results. Such 
individuals are seen in side-shows as 
the Hon-faced boy,” and so on. 
Angora cats represent an artificially 
bred hairy race of this type among 
domesticated animals. 

The Changing Hair, The embry- 
onal hair coat is discarded and re- 
placed by the delicate hair which is 
characteristic of the child. At the 
time of puberty this hair coat is 
transformed into the final, “ ter- 
minal ” hair coat which is peculiar 
to the adult. 

Hair and Hormones 

The location and development 
of this adult hair coat is regulated 
by the sex glands. The male sex 
hormone promotes the development 
of the beard and the body hair, 
while inhibiting the growth of the 
head hair. The action of the female 
hormone is just the opposite. In 
women exhibiting male tendencies 
one finds indications of a male dis- 


tribution of hair, just as itien with 
female characteristics tend to have 
long head hair. Despite many in- 
vestigations the purpose of this third 
hair coat is not yet suflkiently un- 
derstood. The hairs at the entrances 
to the body cavities, such as the eye- 
brows, lashes, ear and nose hairs, 
are apparently mechanical barriers 
against the intrusion of dust and 
insects. 

Pubic and axillary hair is prob- 
ably intended to retain and to 
spread the skin odours which serve 
as a means of attraction and excita- 
tion in the sex life of animals, but 
which no longer correspond to the 
tastes and habits of civilized man. 
The man’s beard is a secondary sex 
characteristic, the function of which 
was probably to render the differ- 
ence between man and woman evi- 
dent at a distance, to indicate the sex 
of the wearer, and probably to give 
the male an appearance of power and 
dignity. 

In Darwin’s view, the fine hairs 
of the body are intended to serve 
as “ gutters ” for perspiration and 
rain water. 

The Duration of Life of a Hair. 
The life spah of individual hairs 
varies greatly. Eyelashes live hardly 
six months, the hairs on a man’s 
head three to five years, and those 
of a woman an average of seven 
years. When the plaits of a fifteen- 
year-old girl extend to her knees, 
they still contain hairs from the first 
year of her life. 

The^ Fatty Skin Cream. How does 
one take care of leather articles— 
for example, boots? They are 
greased evei'y morning with polish 
so that the leather remains soft and 
pliant, does not become brittle and 
cracked, and is not afl’ected by dust 
and moisture. The body treats the 
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WHY WE USE SOAP 


a washbowl in Gosthe s 
'■* general use. 
(Right) 1880: washing 
„,.L tjir than Goethe's, 
at the age of seventy-four. 
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the skin readily, bu 
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, The slow development of skin hygie 
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ivashing we feel the need of replac- 
ing the oily layer which we have re- 
moved from the skin. By rubbing 
in some cold cream we give the skin 
an artilicial fatty layer (f). 

Sweat, The perspiration produced 
by the skin is the antagonist of the 
fatty secretion discussed above. The 



Fig. 324. The hairs upon an average 
human head amount to more than lOOfiOO, 
Each of them is set within a network of 
lymph vessels, which nourish its root, 

viscid and non-evaporating skin fat 
isolates the skin and protects it 
against any heat loss; the fluid, 
rapidly evaporating sweat, on the 
otiier iiand^ produces a heat loss due 
to evaporation and thus cools the 
surface of the body. Under normal 
conditions an individual loses 500 
calories daily — one eighth of his 


total heal loss — as a resuit of- the 
evaporation of perspiration. The 
sweat is pj'oduced in deep-seated 
gland.s. From tiie glands a long 
duct, which is spirally twisted as it 
patfcs through the ej>itlcrmis, leads 
to tnc surface [Figs (c) am! yih|. 
The skin contains two million sweat 
glands. Turn over the pages of this 
book and estimate the mu n her of 
letters; there arc more oriliccs of 
sweat glands in your skin than there 
are lettcr.s on the ])ages of this book. 

The Human Chimney 

An imprint of the sweaiiug skin 
looks like a stellar photograph, ami 
yet these points arc the products of 
a coalescence of hundreds of sweat- 
gland openings [Fig, Fhich 

sweat gland is I inch long. If all 
the sweat glands were to be placed 
end to end, wc would obtain a tube 
six miles in length; and if the cells 
that produce the sweat were put 
alongside one another, they would 
form a carpet covering an area of 
53,8 square feet. If all the sweat 
pores were combined, the result 
would be a chimney as large as 
the smokestack of a locomotive. 
Through this chimney the machine, 
Avhich is the human body, exhales 
“steam’' uninterruptedly just; like 
a loGoinotive. 

The sw^eat glands are not distri- 
buted equally over the skin, but are 
more closely set on the forehead and 
the palms of the hands and the soles 
of the feet. The distribution on 
the hands and feet is due to the fact 
that perspiration is a substance 
which is of value in climbing. The 
ancestors of man were arboreal, 
climbing animals; and just as a 
climber spits on his hands before he 
climbs up a rope or a pole, climbing 
animals similarly sw^eat on their 
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palms and soles, so as not to slip 
when climbing. For this reason per- 
spiration is also sticky. 

If the sweat does not evaporate as 
last as it is secreted, it becomes 
visible in the form of larger or smal- 
ler drops. This is known as sensible 
perspiration. If it evaporates with- 
out becoming visible, it is known 
as insensible perspiration. Most 
sweat passes off in this latter form, 
no less than one quart being given 
off in a single day! Don’t simply 
read this fact, but try to get some 
conception of what it means. Take 
a pot from the kitchen and fill it 
with a quart of water; so much per- 
spiration passes off from the human 
body on a day when a person is in- 
active. If a person works hard, 
marches in the heat of the sun, or 
sits in an overheated motion-picture 
theatre or lecture hail, he loses many 
times this quantity. As much as 
twenty quarts of perspiration can be 
excreted by the skin in one day! 

The ‘Third Kidney” 

As is well known, perspiration is 
acid. It contains salt, potassium, 
iron, sulphuric acid, phosphoric 
acid, lactic acid, and, above all, urea. 
The skin excretes as much urea as 
a kidney, so that it has been cor- 
rectly described as a third kidney. 
If one prevents the skin from giving 
off heat, sweat, and waste products, 
the body dies from poisoning and 
overheating. 

The Add Coat. Not only is the 
perspiration acid, but the decom- 
position of the oily layer of the skin 
also yields acids, so that the human 
skin is covered by an acid coat which 
apparently fulfils an important func- 
tion. In the first place it prevents 
the development of fungi and bacilli 
on the skin, since most of these 
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micro-organisms do not fiourish in 
an acid medium. The body lias 
two acid barriers: the acid-coated 
stomach as a protection for the in- 
testinal canal, and the acid layer of 
the skin as a protection against the 
parasites of the air. This acid coat 
very likely plays an important, 
although to a large extent still un- 


ve}y great. A well-developed head of 
hair can support 3,000 pounds or more, so 
that Chinese acrobats can swing from 
trapeze by their hair without fear of falling 

known, part in the electrical proces 
ses on the surface of the body. 

The Skin as Receptor of Radia- 
tion. Man has lost the hair coat of 
the animal; in place of it the 
has gained a new function. It has 
become an organ adapted to receive 
and to utilize radiation, for 
higher organism has such direct re- 
lations with the radiant energy of its 
environment as man, whose naked- 
ness is not a primitive condition, but 
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Fig. 326, 

incl/cates 










Above are the base of the hair and its 
' are globular fat cells and blood vessels. 
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the result of a long historical de- 
velopment from animal to man. 
The ten most important effects of 
light on the human skin that have 
been discovered until now are as 
follows: 

1. Erythema or Redness of the 
Skin, Ultra-violet light produces 
the condition known to us as sun- 
burn, by transforming histidin, 
which is contained in the epidermis, 
into a substance that dilates the 
blood vessels, thus causing the skin 
to become red. 


2. Tanning of the Skin, Ultra- 
violet light acts on the tyrosin which 



Fig. 321, The skin secretes a fatty 
material which prevents excessive loss of 
body heat (a) as well as excessive heat 
absorption from outside (b). The greasy 
coating ( c) keeps the hair and skin supple 
and prevents penetration of moisture (d), 
A dry skin becomes brittle and cracks 
(e), so that we must substitute skin cream 
when the natural grease is absent (f). 
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is present 'in the skin, transforming 
it into the brown pigment melanin, 
whichjs deposited in the superiidal 
layers and protects the skin against 
the further action of the light rays. 
The pigmented, undulating layer of 
cells between the germinal .and the 
■horn- zones is clearly visible in 
Figure 322. 

Lack of Pignient 

The Albino, Like all chemical 
processes in the ])ody, pignient 
formation depends on the action iA 
enzymes. Organisms that lack these 
enzymes are unable to form tiny pig- 
ment and in consequence remain 
colourless. Such organisms are 
found in all animal groups and are 
known as albinos. Since tiie iris of 
the albino has no pigment, it be- 
comes translucent, so that the retieo 
tion of the light by the reddish re- 
tina gives the eye a pink appearance. 
White mice and rabbits have pink 
eyes. The eyes of the alhitiu are not 
protected by pigment, so that they 
receive an excessive amount of light. 
In an attempt to exclude some of 
the excessive light the albino tends 
to shun the light (photopliobia), and 
is continually screwing up his lids 
and frowning. 

Sunlight Versus Disease 

3. The Bactericidal .Action of. 
Sunlight. Sunlight causes protein 
to decompose and consec|uently 
exerts a bactericidal action, destroy- 
ing fungi and bacteria tliat may have 
settled on the skin. Tlie tubercle 
bacillus and the gonococcus are very 
sensitive to the sun*s rays and are 
rapidly destroyed by sunlight. 

4, Increase of Blood-Pressure. 
The action of sunlight on the skin 
also produces a substance which con- 
tracts the blood vessels of the skin 
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and thus raises the blood-pressure. 
On this account persons who must 
avoid any rise in blood-pressure, 
such as cardiac and pulmonary 
patients, should be very cautious 
when taking sun-baths. 

5. Stimulation of the Phagocytes. 
After radiation of the skin the Wan- 
der cells become more active and 
their phagocytic activity is increased. 
The cells in the walls of the smallest 
vessels, such 'as those shown in 
Figure 137 also become more active. 
If one infects animals experimen- 
tally, keeping one group of animals 
in the dark and the others in a light 
place, the latter will be more resist- 
ant to the infection. 

Winter Ailments 

The greater frequency of in- 
fectious diseases during the winter 
months, when the amount of sun- 
light is reduced, is undoubtedly 
connected with a decreased phago- 
cytic activity of the wander cells and 
a diminished formation of immun- 
izing substances, although other 
factors, such as cold, frequent 
changes of the weather, increased 
humidity, insufficient vitamins in 
the food, and so on, play an im- 
portant part. 

6. Increased Tonus. Under the 
influence of light, the skin sends 
substances into the blood which in- 
crease the tonus of the musculature. 
Poets of all nations have extolled 
the virtues of light, which gives 
greater energy and joy of life. 
Through the discovery of the tonus 
elevating substances modern science 
has confirmed the justification of 
this feeling. At high altitudes the 
tonus of the musculature is measur- 
ably increased, the muscles become 
tenser and more prominent under 
the skin, posture is improved, and 


the movements of the body exhibit 
greater refinement. 

7. Vitamin D. Ultra-violet light 
transforms the ergosterol in the skin 
into vitamin D, as described above 
(page 324) and shown in Figure 230. 

Electric Currents 

8. Charging the Nervous Syste?n. 
The various layers of the skin con- 
tain numerous nervous apparatuses 
[Fig. 315 (k), (i), (m)]; in addition 
millions of nerve fibres terminate in 
knobs and tips located between the 
cells of the epidermis. Some of these 
mechanisms may be compared with 
the photo-electric cells of television 
machines. When light impinges on 
them, electrical currents arise in 
them. Radiation of the skin stimu- 
lates the individual, makes him 
more active and desirous of moving 
about. This is one of the reasons 
why people who go on holiday in 
the summer become so remarkably 
active — play games, exercise, go 
swimming and riding, and in general 
move about a great deal. 

The Light Hormone. When 
the abdomen of a frog is stimulated 
by light, even though the eyes are 
not illuminated they will still react 
reflexly and accommodate them- 
selves to the light. This reflex is not 
* the result of neural action, but is 
due to a substance which arises in 
the skin under the influence of the 
light and is carried by the blood to 
the organs. 

The Light Hormone 

That this is so can be proved by 
transfusing the blood from the 
illuminated frog into one that has 
been kept in the dark, whereupon 
the latter’s eyes will also exhibit the 
accommodation reaction. This sub- 
stance is called the light hormone. 
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It increases the functional capacity 
of the muscles and sense organs. If 
a man in a dimly illuminated room 
is shown several grey plates, and at 
the same time light is directed upon 
his uncovered legs, the plates will 
appear lighter to him; similarly his 
auditory aciiit)' will also be in- 
creased. A person exposed to light 
hears, sees, and acts better than one 
\vho is ill the dark. 

Sensitization 

10. The Light Substance, Porphy- 
rin. Whoever has occupied himself 
with photography knows the concept 
of sensitization. Films become more 
sensitive to light after having been 
saturated with liiiorescent sub- 
stances. The sensitizer increases 
enormously the normal effects of 
light. The best-known sensitizer is 
the green chlorophyll of plant leaves. 
Without this sensitizer the plant is 
unable to carry out the apparently 
difficult process of synthesizing sugar 
and starch from'^carbon dioxide and 
water. Chlorophyll is chemically re- 
hited to the blood pigment haemo- 
globin, which is likewise aisensitizcr. 
Blood exposed to the rays of tiic 
sun is extremely ‘‘ active.” Perhaps 
the great sensitivity* to light of 
biohcle persons is due to an excessive 
sensitization. 

Wheii Light is Harmful 

Hfpersensitiveness to light occurs 
among both human beings and ani- 
mals. Patients suffering from small- 
pox are extremely sensitive to it and 
are kept in a room provided with 
red glass to exclude the ultra-violet 
rays. Some people develop swellings 
of the face and hands, so-called 
angioneurotic oedema, when exposed 
to light. Most striking of ail, how- 
ever, is the sensitization which fol- 
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lows the injectio!} of lucmatoporphy- 
rill. This subsUince is a derivative 
of the blood pigment and appears to 
act as a photographic sensitizer. 
When a white ral)f)it is injet led with 
haL‘mato])orphyrin and kepi in the 
dark or in a room from which ultra- 
violet radiation is excluded by means 
of red glass, nothing happens be- 
cause ha:ma.t()j[>orp]iyrin as such is 
not a poison. If it is exposed to 
light, however, an acute indaimua- 
tiori of the skin as well as excite- 
ment and convulsions develop with- 
in a few mimitcrs, as a result of 
which the animal dies in about thrc*e 
hours. 

Light Sickness 

Farmers are familiar with this 
light sickness. If domestic animals 
are fed during the winter with buck- 
wheat, which contains a lluorescenl 
pigment, and the animals are 
allowed out on the fields in the 
spring, they are attacked by the 
“ buckwheat disease.” On the other 
hand, if the animals arc not fed with 
buckwheat for several weeks before 
they arc released from the bains, so 
that the ]>igmeiu is to a great extent 
eliminated, the animals remain un* 
affected. 

White ralibits injected with minute 
doses of haanatoporphyriii suffer no 
severe reactions on exposme to light, 
but instead are stimulated, llun arc? 
very active, jump aiioiu vigorously, 
eat enormously, exhibit great sexual 
activity, and increase in weight. Simi- 
larly traces of luematoporphvrin pro- 
duce remarkable improvements in 
the dispositions of human beings, so 
that attempts have been made to use 
it therapeutically in cases of mental 
depression. 

Massage of the Ski m ' Fhe efieci of 
massage on the connective-tissue 
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Potent Medicine 

Siin-BafJis. A sun bath produces 
all tlie effects that liave been listed 
under the actions ol; light. In order 
to understand the problem of the 
sun-bath one raust remember that 
sunlight not only acts on the parts 
of the skin that are directly exposed 
to It, but also produces substances in 
tlie irradiated skin which pass with 
the blood into the interior of the 
body and act on the entire organism, 
if one’s feet are exposed to the sun’s 
rays, substances that elevate the 
i}lood-pressure also excite the heart, 
vitamin I) passes to the bones, and 
hiematoporphyrin stimulates the 
cells of the cerebral cortex. Expos- 
ing one’s skin to the sun’s rays is 
equivalent to swallowing a teaspoon- 


Fig. 328. Imagine that each of the dots 
on this hand is a chimney. Thus would 
the human skin appear to an observer with 
microscopic eyes — a view like that of an 
airman who looks down upon a city. He 
sees no details, yet the chimneys of the 
cell-city, through which the smoke of the 
gland furnaces pours ceaselessly, are as 
closely crowded * together as the dots. 
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mountains have a rigid rule that 
patients with lung trouble must lie 
in the shade and not in the sun. 

Holiday Rules. A holiday should 
last at least three weeks, since it 
takes seven to twelve days to'” adapt 
oneself — that is, to acclimatize the 
skin, the blood, and the heart to 


SKIN ^ \ 

contains in such great richness. 

Biology has its own inatiiematics; 
short 'sun-baths exert a stronger 
action than long ones, ff one wants 
to take advantage of the therapeutic 
action of the sun, one must ascertait! 
the optimum time of exposure at the 
particular place where one is; this 


Fig. 329. Sunbathing today — and as it used to be in the early years of the present 
century, before the importance of solar radiation for the human body had begun to be 
properly understood. Lying in the sunshine is of comparatively small curative value so 
lon^ as the greater part of the body is swathed in garments which effectively prevent the 
health-giving rays of sunlight from penetrating the skin. The girl on the right is a 
product of healthier and more enlightened days. By exposing a large area of her skin 
to the sunlight she is benefiting by the vitamin-producing, disease-destroying rays which 
. the sun ceaselessly pours out in such boundless profusion. 


the changed environment. When 
one takes sun-baths, one should be- 
gin by exposing only one fifth of 
the body for five minutes. The next 
day the time of exposure is increased 
by five minutes, another fifth of the 
body being uncovered during the 
additional — that is, the last — five 
mihutes. ' .In this way the body re- 
ceives slowly increasing doses of sun-, 
light and the various rays which it 


optimum time depends upon the 
radiation intensity there. At high 
altitudes with a clear sky the maxi- 
mum effect is achieved after fifteen 
minutes. Longer baths tire the skin 
and exhaust its chemical energies, so 
that it is not helped, but injured. 
Persons whose occupation exposes 
them to bright sunlight for long- 
periods, such as mountain guides, 
seamen, and farmers, have a 


DANGERS OF EXCESSIVE SUNLIGHT 
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weathered skin, and oi'tcn develop 
thickened patches on the skin of the 
face and hands which not infre- 
quently form a starting-point for 
cancer. The head should be kept 
covered, or in the shade, under all 
circumstances, so that an excessive 
acctnnulation of blood in the menin- 
geal blood vessels will be avoided. 
Every once in a while we hear of 
“ heart attacks,” which 2ire really 
cerebral lucmorrhages, among young, 
resistant persons who are taking a 
iioliday in the mountains, because 
they have gone from a sun-bath 
directly into cold water. The circula- 
tory system which has been subjected 
to the strain of a sun-bath, and is 
perhaps tired, cannot adapt itself so 
quickly to the completely different 
conditions in a cold bath. For this 
reason, after a sun-bath one does well 
to wait awhile before entering cold 
water. 

Light Starvation 

Light at Present and in the 
Future. Modern urban man lives in 
a world which is deprived of a great 
deal of light and radiation. Only 
a part of the light of the sun pene- 
trates between the high city houses 


into the depths of the- streets, or 
through the wdndows of the schools 
and workshops. The important 
ultra-violet rays of sunlight are ab- 
sorbed to a large extent by the dust 
layers of the atmosphere, the smoke, 
and the gases from motor-car ex- 
hausts. Even in the upper storeys 
of the houses not a trace of ultra- 
violet radiation passes through the 
window-panes of the closed rooms. 

Looking Forward 

.The twentieth century, the cen- 
tury that has conquered the air, 
should, and in all probability will, 
be the century of the conquest of 
light. Our present-day cities with 
their dark canyon-like streets must 
disappear. People must realize that 
the upper storeys of houses are the 
more valuable ones. Tax'-covered 
roofs must become roof-gardens and 
playgrounds for both adults and chil- 
dren. A time will undoubtedly 
come when people will look at our 
pi*esent-day houses, shake their 
heads, and w^onder how^ anyone 
could have lived in such “ holes,” 
just as we do wffien we see the rooms 
and the curtained wooden beds of 
our seVenteenth-century ancestors. 
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MAN, ENERGY, AND THE UNIVERSE 1 

Fig. 330. Numberless ether waves of various types— heat, light, radio activity, cosmic 
radiation, and many more besides— pervade the entire universe from end to end, and 
ceaselessly stream into the atmosphere of our planet. Even with his speciai .senses 
man can perceive only a minute fraction of this vast outpouring of energy. 
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CHAPTER XXXVII 

The Sense Organs of the Skin 

MAN AS A RF.CEIVING APPARATUS. PAIN. TOUCHING, STROKING, 
ilCKLING. ■ rACTILE IMPRESSIONS. THE BRAILLE ALPHABET FOR THE 
BLIND. RECORD ACHIEVEMENTS OF THE TACTILE SENSE. “ THERE’S 
A DRAUGHT . . TRACTION AND DISTORTION. HEAT AND COLD. 


E veryone knows the physical 

piienonieiion of resonance. If 
near a series of tuning forks one prO’ 
(luces a tone on a piano or another 
musical instrument, those forks that 
liave the same frequency as the 
sounding instruraent will begin to 
vibrate and the intensity of the tone 
will be augmented. This is the 
])lienomen(>n of resonance, and such 
sound-augmenting apparatuses are 
called resonators. Every apparatus 
and every organism will react only 
to those energies of the external 
world for which it has resonators 
capable of responding to the particu- 
lar vibrations. A radio is a reson- 
ance instrument attuned to particu- 
lar wavelengths — namelv, those 
emitted by the broadcasting stations. 

Man is a receiving apparatus 
whose resonators are the sense 
organs [Fig. 330]. He has two kinds 
of resonators: 

I. Resonaiors for Xear or Contact 
R ecep t ion [ F i g. 3 31]. 

1. Fain apparatuses register con- 
tacts that penetrate the horn 
layer (a). 

2. 1 ouch apparatuses register con- • 
tacts on the surface of the skin 
(b and c). 

3. Pressure apparatuses register 
contacts that depress the sur- 
face laver of the skin (d). 

4, Air-current mechanisms regis- 


ter the flow of the air over the 
surface of the body [Fig. 332]. 

5. Tickle apparatuses register cer- 
tain types of contact that are 
important for the propagation 
of the species, since they tend 
to excite sexual desire [Fig. 

331(f)]- 

6. Traction apparatuses register 
any pull or push which raises 
or moves the skin (h). 

ll. Resonatoi^s for Distant Recep- 
f'. tion [Fig. 332]. 

7. Taste apparatuses register the 
molecular movements of fluids 
at the frontier of the body. 

8. Olfatitory apparatuses report 
the molecular movements of 
gases in the neighbourhood of 
the body. 

9. Sound apparatuses register un- 
duiatory movements of the air. 

10, Temperature (hot and cold) 
mechanisms react to changes 
of temperature. 

11. Optic apparatuses register light 
stimuli. 

Pain, Every one of us has known 
pain, but no one knows the mechan- 
ism by means of which pain arises. 
It has been conjectured that pain is 
due to injui'y of free nerve endings 
in the epithelium. For this reason 
weak stimuli never produce pains. 
To produce a pain one must em- 
ploy. a very much greater energy 
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than is necessary to arouse a sensa- pain is not a siuiple, but ratiicr a 
tion. There appear to be no special mixed sensation consisting of paiiu 
receptors for pain. There are, how- pressure, eicvaled teinperaiure, cic.; 
ever, special nerve tracts for pain, it is not a single tone, but a coin 
which pass upwards in the spinal position — an evil melody, 

cord in close connection with the Touchings Slwhrng, 'fickling. 
temperature tracts [Fig. TjyS (4)]. Some of the nerves of the skin do 
They probably arise from the free not terminate freely, but at the l)ase 
nerve endings that are located of large bullions cells [Fig. (b) 
among the cells of the corium just and (c)]. By means of these rnechan- 
beneath the horny covering of the isms we perceive contacts between 
skin [Fig. 331 (a)], for where there the skin and other olijects, as ^vdl as 
are no nerve endings no pain is stroking movements along the skin, 
felt. The points on the skin that Somewliat deeper than these cells lie 
respond to adequate stimuli with a spheres of greater circumference, 
sense of pain are known as pain upon the surface of wliidi nerves 
spots. The density of the pain spots ramify (f). These are receptors for 
varies in different skin areas. In the the tickling sensation. A tickling 
mucous membrane of the cheek there sensation is a peculiar state of exci- 
are rather large areas within which tation, varying between pleasure and 
no pain spots can be detected. The discomfort, in a stimulated nerve. It 
different types of pains— burning, is a kind of ciuestionable, ambivalent 
cutting, stabbing, gnawingv boring, pleasure; one yearns for it to in- 
etc. — are probably produced by a crease, yet at the same time feels 
simultaneous stimulation of other that it would be more comfortable 
sensory mechanisms. What we call if it would cease, 'Fhe tickling 



Fig. 331. Sensory organs of the skin, chiefly for the perception of stimuli that act upon 
the skin directly. They are nerve cells for perceiving (a) pain, (b) touch, (c) stroking, 
(d) pressure, (e) cold, (f ) tickling, (g) heat, (h) distortion. 
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Fig. 332. Sensory organs of the head, for the perception of stimuli of distant origin. 


sensation has profoundly intimate,' 
and to a large extent as yet unex- 
plained, relations with the drives, 
acts, and functions that serve to 
maintain the species. Eating, laugh- 
ing, caresses l 3 etween mother and 
child, the suckling of the child -at 
the mother's breast, the kiss, and the 
sex act are all connected with tick- 
ling sensations. 

Tactile Impressions, Immedi- 
ately beneath the cells of the epider- 
mis lie the most elevated of all the 
sensory apparatuses, the tactile cor- 
puscles, which exhibit a remarkable 


similarity to the spring contacts used 
in electrical mechanisms [Fig. 331 
(d) and Figs. 333 and 334]. Approxi- 
mately a dozen cells are arranged 
horizontally within a capsule and are 
superimposed one on another, like 
the small bars of chocolate dn the 
automatic vending machines in rail- 
way stations; among them terminate 
the branches of the sensory nerve 
fibres. When pressure is exerted upon 
the tactile corpuscle, contact is made 
between the elements of the cor- 
puscle, the circuit is closed, and a 
nerve current travels to the brain. 
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where it “rings” the appropriate 
cortical cell [Fig. 334], The number 
of such “ push-buttons ” found in 
different skin areas varies greatly. 
On the back each square niillimetre 
of skin contains 1 to s tactile cor- 
puscles, while an area of equal size 
on a fingertip contains 35 corpuscles. 
The greater the number of cor- 
puscles in a given area, the more 
delicate is the ability to differentiate 
tactile impressions. The lip of the 
tongue has the finest tactile sense, 
not only because it has many tactile 
corpuscles, but also owing to the cir- 
cumstance that only a thin mucous 
membrane separates them from the 
external world. The tip of the 
tongue can still distinguish the two 
points of a pair of compasses even 
when they are only inch apart. 
On the lips the compass points must 


be I inch apart to be differentiated, 
while on the nose this distiincc in- 
creases to \ inch, on the forciicad to 
inches, and on the back to 2i; 
inches [Fig. 335]. If tiie points of 
a pair of compasses - inch apart 
are mo\’ed up along the arm away 
from the fingers, one has a feeling 
that the points of the compasses are 
moving away from each other, be- 
cause the upper part of ihe arm is 
not accustomed to perceiving two 
tactiie stimuli that arc so close lo- 
gether. However, if the points are 
moved very gently along the skin, 
one succumbs to the illusion that 
they are coming closer together. 

The Braille Alphabet for the 
Blind. Six tactile stimuli arc the 
most that one can differentiate 
simultaneously. For this reason the 
groups of dots in the Braille alpha- 



Fig, 333 . What happens when we press a bell. In our skin are touch corpuscles which 
operate like the spring contacts of an electric bell. The finger above is shown with 
only one of its many touch corpuscles, highly enlarged (See Fig. 334). 



MASTERS 

bet uever contain more than six 
surface elevations. Since the sen- 
sation of touch is recorded by a 
incchanically functioning pressure 
apparatus, it takes a relatively long 
time belorc the conduction current 
appears. ^Fhus, ail animals that 
orient theniseives by means of tactile 
corpuscles slink along slowly, while 
animals sucli as the ungulates that 
have other means of orientation exe- 
cute rapid movements. 

A tactile sensation is a differen- 
tial sensation. When the hand is 
immersed in mercury the pressure, 
although it is strong, is not felt, be- 
cause all the touch corpuscles are 
put under pressure at the same time. 
Only at a line along the surface 
where the immersed and non-im- 
mersed parts of the skin meet does 
one experience a sense of pressure. 


OF TOUCH 4^7 

Record Achievements of the Tac- 
tile Se7ise, Like every other faculty 
the sense of touch is also influenced 
by training and talent. The ffnger- 
tips have become sensitive for tactile 
stimuli because we use them to 
touch. The degree of development 
of the tactile sense varies in differ- 
ent individuals; indeed, there are 
even “ touch geniuses,” like the man 
who was engaged at a high salary 
because he was able to distinguish 
counterfeit coins by touch while ex- 
amining them at great speed. The 
great masters of the tactile sense are 
blind people, and among the latter 
the most expert are those who are 
deaf as well. Because of this cir- 
cumstance they are not distracted by 
any other sensory impressions, but 
react only to tactile stimuli. The 
accomplishments of the blind deaf- 


FKi. 334. When our finger presses the button, two circuits are set in action—the electric 
circuit of the bell and the nerve circuit of the body. Thus, pressure of the finger rings 
the bell and also sends a touch "''message^' to the brain. 
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Fig. nS.—AccompUshments and failures of the sense of touch 
depends upon the number and degree of dispersion of the touch corn 
compos points are perceived by the tongue as separate points when th 
but by other areas at the following distances: fingertips, .‘j in • lips 
nose ; cheek, p in.; back of the hand, % in.; forehead, "ll in 
back, 2^ m. ne lower pictures show three instances in which the 
^«jw/7ow/i I in. apart are felt on the back oft! 
p mt, (Centre) Two compass points drawn upwards in parallel lin 
appear to rmve farther apart (Page 486). (Right) A ball touched with 
fingers feels like two objects, because we are not accustomed to the sh 
two sides of the forefingers simultaneously by a single bi 






3sis, is equally false. 


:cause one 




Fig. 2,35.— Accomplishments and failures of the sense of touch. Delicacy of touch 
depends upon the number and degree of dispersion of the touch corpuscles. Thus two 
compass points are perceived by the tongue as separate points when they are i apart 
but by other areas at the following distances: fingertips, jl, in.; lips, ' in.;\ip of the 
nose, 1 in.; cheek, in.; back of the hand, in.; forehead, 1\ in.; forearm / in.; 
back, 2| in. The lower pictures show three instances in which the sense of touch is 
deceived. (Left) Two scissor points | in. apart are felt on the back of the hand' as a single 
point. (Centre) Two compass points drawn upwards in parallel lines along the arm 
appear to move farther apart (Page 486) . (Right) A ball touched with two crossed index 
hngers feels like two objects, because we are not accustomed to the stimulation of these 
two sides of the forefingers simultaneously by a single body. 
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iiuue Helen Keller, who; learned , to 
“ speak ” by means of tactile stimula- 
tion of her hands, and was able to 
1 ollow lectures with the assistance 
of an interpreter, have become 
famous. Similar is the case of the 
deaf and blind Miss Huggins who 
deci|.)!iered newspaper headlines 
with her fingertips. 

“ There's a. Draught . . The 
roots ol the hairs are surrounded by 
a network of nerve fibres that ter- 
minate freely around thtem [Fig. 

(N) and Fig. 33^]. If air in 
motion passes over the hairy parts 
of the skin, the hairs are depressed 
like sheaves of corn in a wind. We 
leel the pull on the roots of the hairs 
and say: '‘There’s a draught. . . 

We feel this pull most on those areas 
of the skin that are covered by rows 
of delicate hairs— the back of the 
hand, the outer surfaces of the arms 
and the back. Many people have a 
hysterical fear of draughts. While 
it is true enough that draughts may 
lead to colds, especially when the 
skin has been overheated, yet the ex- 
aggerated fear of every draught with 
which children are “inoculated ” in 
some families and by which they are 
dominaied throughout life, almost 
like a psychosis, is equally false. 

Morbid Fears 

It is as if one were constantly 
afraid of cold water, just because one 
can catch a cold by immersing the 
body in cold water when it is over- 
heated. One is certainly not benefit- 
ing a child by training it to become 
one of those unpleasant individuals 
who are a burden to their fellow 
beings because of this phobia. 

Traction and Distortion of the 
Skin, 'llie lamellar corpuscles, 
which are rather deeply situated in 
the curium, are among the most 


beautiful structures of the body [Fig. 
315 (xn)]. They consist of several 
dozen connective membranes arran- 
ged like the layers of an onion 
around a nerve rod. The spaces be- 
tween these layers are filled with 
lymph [Fig. 331 (h)]. 

Changing Pressure 

When the skin becomes distorted 
by pressure, the lymph-pressure 
changes, and consequently the pres- 
sure upon the nerve. These lamellar 
corpuscles transmit the sensations 
produced when the skin is subjected 
to traction and distortion. They are 
present not only in the skin but 
occasionally also in the capsules of 
the joints and muscles, in the peri- 
toneum, and in the walls of the large 
blood vessels. Their total number 
is about 1,500. 

Heat and Cold, Heat and cold, 
unlike pain, are not perceived 
equally well in all parts of the body, 
but only where the special mechan- 
isms for hot and cold are stimulated. 
While we are quite well informed re- 
garding the eye, the receptor for 
short light waves, because owing to 
its size it is accessible to investiga- 
tion, we know nothing as yet about 
the mechanics of the heat and cold 
receptors. All we can say is that they 
vary in their structure [Fig. 331 (e) 
and (g)] and are distributed over the 
skin with equal irregularity. The 
abdominal aspect of the body has 
more heat receptors, while the back 
has more cold receptors, because the 
unprotected back is supposed to in- 
form us regarding the degree of cold 
of the external environment, while 
the abdominal surface of the body, 
which in the female is likewise the 
breeding side, is supposed to control 
and regulate the temperature of the 
nest and the warmth of the offspring. 
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CHAPTER XXXVIH 


Taste 

'lASTE AND SMELL., THE TASTE: BUDS. THE PHYSICS OF TASTE. THE 
CHEMISl'RY OF TASTE. 'FHE TASTE ZONES. OF THE TONGUE. CHANGES 
OF TASTE. SMELL IS TFiE “ BETTER HALF ” OF TASTE. A CUP OF 
COFFEE. EXPERIMENTS IN TASTING., ■ 


RIMORDfAL organisms all 
}i\c(l in die water. In order to 
lest the character of the water and 
!,o p(*rcci\e their prey, acjuatic ani- 
mals possess receptors which are 
stimulaled l)y the molecular and 
atoi!hc groups (ions) that are dis- 
sohcci in the water. These receptors 
arc nerve mechanisms that are con- 
structed like buds and are called 
sensory buds. They consist of 
groups of fiat ceils arranged like the 
layers of an onion skin. Within these 
enveloping cells are six or eight 
taste ceils. At their deeper ends the 
latter arc connected with nerve fibres 
that terminate in the buds. The 
capsule formed by the enveloping 
cells has a small opening on the sur- 
face through which protrude the 
\cry Imc threads with which the 
taste (cIls terminate towards the sur- 
lacc [Fig. 

Taste" and Smell ■ . 

llie perception by the nerves of 
molecular and ionic impacts in 
liuids is called taste; their percep- 
tion when in a gaseous state is called 
smell. Taste and smell are sisters. 
Fasic is the smelling of liquids,, and 
stncil is the tasting of gases. 

The Taste Buds. Among aquatic 
animals taste buds are distributed 
over the entire body. Fishes also 
taste with tlieir tail fins. Among 


land animals the taste buds have 
naturally retreated to the moist oral 
cavity, and in the highest terrestrial 
creatures they are restricted within 
the mouth to the tongue. Take a 
mirror and examine your tongue. Its 
* surface is covered with fine wart-like 
eminences called papillae, some of 
which are shaped like mushrooms. 

The Tongue 

The taste buds repose in in- 
visibly small deptxssions in the walls 
of these papillae [Fig. 337]. These, 
mushroom-shaped, or fungiform, 
papillae are distributed chiefly along 
the edges of the tongue opposite 
(j), (2) and (3) in Fig. 336. On the 
back of the tongue one finds still 
another type of papilla. These are 
the circuiuvallale papilhe, the largest 
and least numerous of the papillae 
on the human tongue. The num- 
ber present may range from seven 
to twelve, and they are arranged like 
a series of frontier forts in the form 
of a V with its tip directed towards 
the root of the tongue. Each of the 
circiim vail ate papilhe is an elevation 
of the mucous membrane and is sur- 
rounded by a trench (4). The num- 
ber of taste buds varies greatly, de- 
pending on the taste needs of the 
particular animal species. The 
whale, which swallows unchewed 
whole shoals of small fish, has few 
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or no taste buds. Man is a moder- 
ate taster, possessing 3,000 buds. A 
pig is more particular in its tastes, 
having 5,500 buds, a cow has 35,000, 
and an antelope 50,000 taste , buds. 
In any zoo one can confirna the fact 
that while man is the most culti- 



Fig. 337. A view into one of the many 
taste pits of the human tongue. Taste is 
the perception of molecular impact in 
fluids. The molecules which the crystal 
hurls forth strike against the hairs of the 
sensory buds and produce o reaction in 
them, perhaps in the nature of an electrical 
current. Below are mucous glands. 

vated, he is by no means the most 
sensitive, taster. 

The Physics of Taste. More than 
two thousand years ago the Grtek 
natural philosopher Democritus 
made the statement that the taste of 


foods depends on the kinds of atoms 
which they hurl forth. Even today 
we do jiot, know very much nK)rc? 
than Democritus. Yet everyth iiig 
more that we do know con linns tlie 
remarkable conjecture of ilie foun- 
der of the atomic theory. Only sub- 
stances in solution, where the at<)ms 
move about ■ very freely, can be 
tasted. A glass ball has no taste. 
Everything that accelerates tlu^ 
motion of the atoms intensifies taste; 
everything that inhibits atomic 
movement weakens taste. 'I’he taste 
of the small and consecjiiently very 
mobile atomic groups of the salts is 
perceived most rapidly, one third of 
a second after they have been placed 
upon the tongue. The taste of bitter 
substances, which are almost alw^ays 
of high molecular weight, is first 
perceived after one second. Heat 
accelerates molecular motion and 
strengthens taste. When hot, wine 
has a sourer taste, and hot coffee has 
a bitterer taste than cold coffee. 

Hot Food and Cold 

Meat which tasted cpiite delicious 
when it was eaten hot at noon lacks 
all taste when eaten cold in the even- 
ing, so that we use mustard, })ickles, 
or horse-radish to spice it. Salt pork 
is saltier when it is warm. Ice-cold 
foods require twice as much sweeten- 
ing as warm ones. If ice-cream is 
allowed to melt on a plate at room 
temperature, it becomes so sweet 
that it can hardly be eaten. In sana- 
toria patients who must put on 
weight are given cold sweetened 
drinks and desserts in abundance, 
because in this way they can accept 
large quantities of cream and sugar 
without rebelling against them. 

Watery fluids in which the atoms 
move easily and rapidly have a 
sharp taste. If the fluid is rendered 
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viscid,. 'the iBotion of the atoms is 
inhibited arid The food has a, milder 
taste. Cognac .is sharp on, the tongue, 
while 'the viscid liqueurs .have a 
.milder taste. We add. milk to coffee 
in . order, to reduce its bitter taste. 
If a cook finds that one of her dishes 
is too sharp, or if a doctor wants 
to make the bad taste of a medicine 
-somewhat iiiilder, they add colloids 
such as egg-white, milk, gelatine, or 
syrup as taste correctives. 

The Chemistry of Taste. The 
laste buds register three or four 
different sensations: sweet, saline, 
fritter, and perhaps also sour, but 
I lie latter is possibly a sensation com- 
pounded of the other three. 

A'li Unrevealed Law 

Scientific investigation has left 
no doubt that the stimulating 
effect of any foodstuff on the taste 
nerves is related to its chemical con- 
stitution. Thus a sour taste is de- 
termined by the presence of hydro- 
gen (H) ions, an alkaline taste by 
hydroxide (OH) ions. Many amino 
acids, the constituent elements of 
protein, have a sweet taste; on the 
other hand, the polypeptides pro- 
duced by a combination of these 
amiiuj acids have a bitter taste. Most 
alcohols and sugars have a sweet 
taste, while the compounds formed 
by combining these substances with 
metals are bitter. As yet we have 
no comprehension of the law that 
<letermines what the taste of any 
gi\en substance should be. 

Varying Impressions, 

The Taste Zojies of the Tongue, 
I'he tongue is not equally sensitive 
at all points to ail four tastes [Fig. 

The back of the tongue is 
more sensitive to bitter (4), the sides 
react more easily to sour (3) and salt 


(2) substances, while the tip per- 
ceives a sweet taste (1). Differences 
may even be detected ampng the 
papillae themselves. Thus a mixture 
of quinine and sugar applied to one 
circumvallate papilla produces a 
sweet taste, while with an adjacent 
papilla a bitter taste may predomi- 
nate. 

Sweet and Sour 

Changes of Taste. Almost all our 
foods are composed of mixed sub- 
stances, and consequently stimulate 
not one but several, often even all 
four kinds of taste mechanisms, thus 
producing the mixed sensations of 
taste. A lemon has a bitter as well 
as a sour taste; an apple is sour and 
sweet at the same time. On the front 
part of the tongue alum produces a 
sour taste, while on the back it 
creates a sweetish taste. By paralys- 
ing or stimulating certain groups of 
taste buds, the accustomed taste of 
a substance can be materially 
changed. After washing one's 
mouth with a solution of potassium 
permanganate, a cigarette will have 
a sw^eet and not a bitter taste. If 
one adds a pinch of salt to some 
sugared water, the sweet taste be- 
comes more pronounced. 

Mixed Sensations 

Taste differs from other physical 
sensations in that it is not a pure 
sensory stimulation like vision or 
hearing, but rather a mixed sensa- 
tion composed of gustatory, tactile, 
pressure, cold, heat, and olfactory 
impressions. There is no pure taste 
because the tongue perceives not 
only a sweet or a saline sensation, 
but also the weight, fluidity, rough- 
ness or smoothness, mildness or 
sharpness, temperature, viscidity, 
and volatility of food. . Lemonade 
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has botli a sweet and a sour taste, 
but in addition it may be also c:o1d 
or lukewarm. Because of the can 
bon dioxide contained in them, 
aerated fluids stimulate the oral 
mucous membrane almost as il* it 
were being tickled. We like tea 
as hot as possible without burning 
the mouth. At the same time the 
tannic acid in the tea corrodes the 
tongue, while the milk covers it like 
a soothing salve. Biscuit crumbles, 
a pudding is sticky, chocolate melts, 
a strawberry produces a furry sensa- 
tion. From the combination of 
these many sensations results that 
which we describe as the taste of 
food. 

Interwoven Senses 

' Smell is the '‘Better Half of 
Taste. Next to the taste buds the 
olfactory apparatus plays the largest 
part in producing the taste sensa- 
tion. The taste process may be com- 
pared with a song, where taste re- 
presents the vocal part and smell 
the piano accompaniment. Both 
are interwoven to such an extent 
that without the piano the vocal part 
sounds not only thin and empty, but 
actually deserted. At least half of 
what we describe as taste is not taste 
at all, but smell. Coffee, tea, 
tobacco, wine, apples, oranges, 
lemons, vanilla, raspberry, and 
cocoa stimulate olfactory rather than 
gustatory mechanisms. 

Importance of Aroma 

A Cup of Coffee. In Figure 338 
the attempt has been made to re- 
present the act of tasting coffee, 
although a true presentation of this 
subject would actually require a suc- 
cession of pictures, a him strip, and 
not a single picture. Firsts phase I 
takes place; we smell the odour aris- 


ing from the cup fA). A genuiiu’ 
coffee-driukei" <iocs no! gul|> down 
his coffee like waier, bin Inst enjovs 
ihe aroma, just as a professional 
cognac-taster docs not take tlie cog 
nac into his mouth, but pours souu* 
of it on hoi water and judges it !)\ 
the odour. Similarly, a connoisseur 
of wine does not drink it immedi- 
ately, but hrsl smells the bouquet. 

Warm Fluids 

Then follows phase H, sipping the 
coffee, lliis too is not a simple pro- 
cess of tasting. Idrst of all we want 
our coffee to be hot, so as to produce 
a pleasant feeling of warmth in the 
moutii. Then we feel the fluidity of 
the coffee. Entirely apart from anv 
other qualities, coffee should not be 
too thin, hut should possess a certain 
consistency so as not to ffow too 
rapidly and too superficially over 
the tongue, since it contains the bit- 
ter substances that require a long 
stay and deep penetration in the de- 
pres.sions surrounding the ciixaimval- 
late papillae on the back of the 
tongue. 

Prelude to Taste 

We are not yet quite readv to 
notice the taste of the coffee, sitice 
we first feel the tannic acid con- 
tained in it, which passes over the 
tcmgiie like a velvet brusii. Now we 
taste the beverage — at first its sweet ' 
ness, if it has been sugared, then the 
delicately steamed acid wliich is per- 
ceived by tlie edge of the tongite. and 
finally the bitter substances ofuaitted 
by roasting that produce the cliarac- 
reristic coffee taste. All this together, 
however, does not yet; give the actual 
taste of coffee, which we do not per- 
ceive until phase III. After swallow- 
ing the coffee we exhale tleeply since 
respiration is moment aril v suspen- 





FiG. 338. The tastin^j^ of a mouthful of coffee, simple enough as it may appear to us, 
is really a highly complex process, which takes place in three phases. In this illustration 
( R] represents the olfactory area of the pharynx; (A) is the olfactory nerve tract; 
‘ B) the nerve tract of taste; (C) the sensory nerve tract. The qualities of sweetness, 
warmth, etc., in the coffee are represented by symbols. Phase ( I) is olfactory, involving 
(uily the aroma of the co ffee; as it enters*the nose from the external air. In phase (II) — 
sipping" -the warmth and fluidity and the acid, sweet and bitter content of the coffee 
are detected by the mouth ani tongue. Phase (Ilf), the completion of the taste process, 
is once more olfactory ; air from the lungs carries a stream of coffee vapour from the 
pharynx to the olfactory area of the nose. 


A DRINK OK COFFEE 

sweat 


tied during swailowing. The ex- 
pelled air is pressed against the wall 
id tlie pharynx as if by a gust of 
wind, 'ihe pliaryngeal wall is batlicd 
by a stream of coil’ce (near figure 111), 


and from the coffee-moistened 
pharyngeal wall the current of air 
pushed up from the lungs carries a 
cloud of cofiee vapour up into the 
nose. Not until all this has hap- 
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ones nose with a clothes peg or cot 
ton-wool and blindfold inin. I’hcii 
give him two identical glasses, tlie 
first containing red wine, the secoiu! 
unsweetened black colFee of a|)proxi' 
mately the same consistency and 
temperature. Now, after tasting the 
contents of each glass, let him say 
which contains coffee and which 
wine. 


Experiments in Taste 

You should repeat this experiment 
several times. Then try the experi- 
ment with an apple and a raw 
potato, a tomato and an orange, with 
raspberry water and sweetened milk. 
In such experiments one must take 
care that the person who is being 
tested does not differentiate the two 
substances by means of certain physi- 
cal characteristics or properties — for 
example, variations of fluidity, soft- 
ness, and the like. Innumerable 
wagers have been lost in such ex- 
periments, yet every head cold sliows 
that the taste of food disappears 
with the loss of the sense of smell, 
and that under such circumstances 
all foods taste alike. Only tlie acces- 
sory sensations of the gustatory pro- 
cess, the tactile sensations, remain, 
so that the sufferer complains (hat 
all his food tastes like cardboard. 


Fig. 339. Red wine or black coffee? After 
eliminating vision and the sense of smelly 
by covering the eyes and closing the nose, 
it is impossible to tell the difference 
between wine and cold coffee, or between 
apples and potatoes > 


pened and we are, so to say, envel- 
oped in a cloud of the imbibed 
beverage, not until then do we ex- 
press our satisfaction by saying: 

How good this coffee tastes I ” 
Smell is the better half of taste. A 
great many people deny the truth of 
this fact, yet it can easily be demon- 
strated by the following -simple ex- 
periment [Fig. 539]. Close some- 
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MAN' A VISUAL ANIMAL. THE NASAL TURBINATES. THE PHYSICS AND 
CHEMISTRY OF SMELL. ODOUR-CARRIERS .(OSMOPHORES). THE SIX 
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AND ACCOMPLISHMENTS. THE NOSE KISS. 


AS a result of the assumption of 
jljL ai 1 u}:)righ t position by man and 
tile reirioval of the head from near 
tile ground, man’s olfactory sense 
has deteriorated and he has become 
a “ visual ” animal. In zoology ani- 
mals can be divided into two groups 
— visual and olfactory animals. Ants, 
bees, dogs, and almost all domestic 
animals are olfactory animals. The 
ant orients itself exclusively by 
means of its olfactory sense; it loves 
and hates '^vith its olfactory antennae. 
An ant with a friendly odour is 
loved, one with a hostile smell is 
killed. If an ant is covered with a 
hostile odour, it will be killed by 
its comrades. Similarly, a mother 
rabbit will kill one of her young, 
which she had defended five minutes 
earlier at the peril of her life, if it 
is perfumed with the odour of an 
enemy. 

Smeli and Emotion 

Should it f>e desired to have two 
groups of bees live in harmony, they 
arc siiaken together in a box until 
friend and foe can no longer be 
differentiated. A dog lives, feels, 
loves, and hates exclusively by means 
{)f its sense of smell. A man who has 
taken a walk with his dog tells what 
he smv upon his return, if the dog 


could talk, it would not i*elate the 
same experiences, but would report 
where and what it smelled during 
the walk. If a dog’s olfactory nerves 
are severed, it loses all its canine vir- 
tues despite its beautiful, faithful 
eyes. The dog is no longer alert, 
vigilant, or obedient, no longer ex- 
hibits any attachment or affection, 
and is in general useless, since its 
nose is the portal for its experiences 
and reactions. 

Scent in Man and Dog 

The Nasal Turbinates. The 
human nose is divided into three 
storeys by the turbinate bones which 
project from the lateral walls [Fig. 
341 (b)]. The organ of smell, the 
olfactory mucous membrane, is 
located above the superior turbin- 
ate. It is here, in the area designated 
by (R) in Figure 338, that olfactory 
stimuli are perceived. The human 
nose may be compared to a house in 
which the organ of smell has been 
removed to the attic. The olfactory 
area is sitiall. On each side it is as 
large as a fingeimail. The nasal 
cavity of the dog, however, has not 
three turbinates only, but an entire 
turbinate labyrinth covered almost 
completely by an olfactory mem- 
brane. If a dog’s olfactory mem- 
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Fig. 340. Man is an '''eye"' animal, while a dog is a ''nose" animal, dependent upon 
its olfactory sense for most of its physical and emotional impressions. Accordingly, 
while the olfactory area in man occupies one-twentieth of the medial surface of the 
brain, in a dog it covers more than one-third of the brain's entire inner wall. 


hrane were spread out fiat, it would 
cover an area equal to more tlian 
half that of the animal’s skin [Fig. 
Ml} 

These same relations obtain in 
the brain. In a dog’s brain the 
olfactory sphere occupies almost one- 
half the wall of the cerebrum, while 
in a human brain this is reduced to 
one-twentieth. Man has other things 
to think about than to occupy him- 
self with olfactory impressions. In 
contrast to his dog, man has become 
a ‘‘ visual ” animal and, owing to his 
speech, a creature with a developed 


sense of hearing as well [Fig. 340]. 

The Olfactory Mucous Membrane. 
The olfactory mucous meml)rane 
can easily be recognized with the 
naked eye by its brownish-yellow 
colour. This colour arises from the 
presence of a browm pigment, which 
must somehow be related to the 
olfactory process since it is present 
in the olfactory apparatuses of most 
animals. In animals with a .strongly 
developed sense of smell, such as 
dogs, deer, and cattle, the entrances 
to the olfactory organ, the nasal 
orifices, are deeply pigmented. In 
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every aiuinal group individuals that chamber is altered, so that the 

lack pigment are poorer smellers stream of air is directed upwards to- 

than their darker comrades. In Vir- wards the olfactory area, 

ginia white hogs frequently die be- The Chemistry of Smell. Since 
cause they are unable to distinguish the hairs of the olfactory cells are 

iaichnaiuhes, a poisonous root not exposed but are '^covered by a 

which grows there, from other lipoid layer, it seems probable that 

plants. Similar cases are those of the olfactory process is not a simple 

white rhinoceroses in Africa and physical one. The substance that is 

white sheep in southern Italy that smelled must first dissolve in the 

eat poisonous grass. fatty layer and be dispersed in it 

before it reaches the olfactory hairs. 
Sensory Hairs This may explain why a relatively 

T he olfactory membrane is a long time elapses betAveen the entry 

simply constructed mucous mem- of the odorous air and the percep- 

branc, containing goblet-shaped tion of the olfactory sensation. It 

ncj ve cells surrounded by nerve also explains the fact that the odor- 

fibres, which is ke]3t moist by mucous ous substances are either themselves 

glands. The olfactory cells present volatile, “ ethereal ” oils such as ihe 

small craters to the' outer world, odorous substances of flowers or 

through which delicate sensory hairs plant resins, or are brought to us 

project into the air-fillcd nasal 
cavity [Fig. 343]. 

The Physics of Smell. Everything 
appears clear and simple — if it were 
only so. However, the tips of the 
olfactory antennae do not extend 
directly into the air, but are em- 
t)eddeci in a lipoid layer which 
coN'crs the olfactory membrane. If 
I he nose becomes dry so that the 
ends of the olfactory cells are un- 
(overed, the ability to smell disap- 
pears. Every luinter knows that a 
hunting dog accomplishes less in the 
dry nooti air, and police d{)gs are put 
()n a trail during the humid morning 
and evening hours. 

Sniffing an Odour 

In ordinary respiration the stream 
of air never passes beyond the 
superior turbinate, so it does pjQ 341, A dog's nose compared with a 

not come into contact with the oiiac- tinman nose. The olfactory area of the 

tory area. li one wants to smell a about as large as a postage 

flowtu' or a fruit one snifls — that is, stamps while that of a dog, if spread out, 
the m^striis are dilated and the direc- would cover more than half the area of 

lion of the anterior part of the nasal its skin. It is also more elaborate. 
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Fig. 342. The six most important kinds of odours, with diagrams of their chemical 
formulce. They are: (I) flowery odours; (2) putrescent odours; (3) and (4) aromas of 
burning and roasting; (5) spicy, or fruity, odours; (6) ethereal odours. Odoriferous 
substances belong to a group of chemical compounds of which the fundamental constituent 
is the formula of benzol. The type of odour is determined by the position of the atomic 
group of the substance. Thus all odours have an entirely chemical basis. 

in oily vehicles — for example, the broken down chemically, or not 

aromatic substances of coffee, tea, without difficulty — the elements, for 

cocoa — or are themselves oil sol- example — are odourless. Iodine and 
vents, such as benzine, turpentine, sulphur have no odour; what we 
alcohol, ether, chloroform, acetone, smell are their easily decomposed 
and the like. hydrogen compounds. Oxygen (O:;) 

The olfactory process apparently is odourless, but ozone (O,,), which is 
requires rapid chemical decomposi- formed during electrical discharges, 

tion, for substances that cannot be has an odour, because it loses its 



A MIXED. SENSATION ■ ^ m 


third atom of oxygen very easily. 

Odo?/rTJarrfm (Osmophores). The 
odour of a substance is dependent 
on the presence of certain groups of 
atoms called odour-carriers, or osmo- 
phores. Such groups are the amino 
group NHa, the nitro group NO2, 
tile hydroxyl group OH, etc. The 
osmophores themselves have no 
odour, but odours arise when the 
osmophores occupy certain positions 
in. certain molecules. Most odorous 
subst aiices possess large molecules 
and have tlierefore high vapour 
densities. 

Six Types of Odours 

The most important types of 
odorous substances have been repre- 
sented in Figure 34s. Next to the 
object one sees a diagram of the 
chemical formula which is character- 
istic for all substances in the particu- 
lar class. The following types are 
differentiated: 

Flowery (1): Violet, rose, mignon- 
ette, jasmine, lavender, lilac, helio- 
trope, thyme. 

Putrescent. (2) : Cheese, rotten eggs, 
marsh odour, manure, decompoi>ing 
corpses. 

Burnt or roasted (3) and (4): 
To!)ucco, coffee, wood, coal, paper. 

Spicy (5): Apple, pear, lemon, 
orange, pineapple, melon, cucumber. 

Ft hereai (6) : Alcohol, , benzine, 
cilier, chloroform, camphor, pine- 
need ie extract. 

“ Smell Fatigue 

When tlic olfactory mucous mem- 
brane becomes fatigued, the ability 
10 perceive dilierent types of odours 
disappears according to a definite se- 
c|uence, and after recuperation re- 
turns in the same sequence. When 
one can no longer smell tincture of 
iodine, because of fatigue, the odour 


of turpentine may still be faintly, 
and that of lavender quite strongly, 
perceptible. When the ability to 
smell returns after a cold, one is 
able to smell oil of cloves before 
one can smell the odour emanating 
from a roast, and the ability to detect 
both of these odours precedes the 
ability to perceive the smell of rubber. 

Combined Odours 

Smell is a Mixed Sensation. Olfac- 
tory impressions, like those of taste, 
are mixed sensations. In . the first 
place, most odorous substances pre- 
sent several types of odours. Fepper- 
mint smells flowery as well as spicy; 
pine-needle extract contains spicy 
substances and ethereal oils. 
Secondly, the olfactory stimuli can 
act simultaneously on other kinds of 
nerve endings in the nasal mucous 
membrane. Peppermint acts not 
only on the olfactory nerve, but also 
on the temperature corpuscles. A 
pungent odour such as that of am- 
monia not only stimulates the olfac- 
tory nerve, but involves stimulation 
of the nerve endings of ordinar’ji sen- 
sibility supplied by the fifth cerebral 
nerve as well. 

Mercaptan and Musk 

Physical Characteristics of Odor- 
ous Substances. The amount of 
odorous substance necessary to ex- 
cite an olfactory sensation is ex- 
tremely minute. Thus .01 milligram 
of mercaptan diffused in 230 cubic 
metres , of air is still distinctly per- 
ceptible. In this case a litre of air 
would contain .00000004 milligrams 
of the substance and the amount 
actually in contact with the olfactory 
membrane would be even smaller. 
But let us disregard mercaptan, 
which has an extremely repulsive 
odour, and turn to animal musk. 


SMELL 


TjOi? 

Although its odour is only half as become weakened in man, but it is 
strong as that ol: mercaptan, atiimal by no means completely \estigial, as 
musk is the strongest of all pertiimes, one ohen hears. On the contiaiy^ it 
Take a lump of sugar in your hand, still possesses great possibilities f)l 
A cpiantity of musk of equal size performance and is abo\e all <a|) 
would suffice to perfume the fluid able of development, 
in thirty million wine bottles. 

It is possible, however, to demon- Diagnosis by Smell 
strata the presence of even minute When the olfactory ^ sense is 
c|uantities of these odorous sub- trained by constant use, its accom 
stances in air by physical means, plkshments are astounding. A begin 
The British scientist Tyndall ner cannot work with odorous sub 
shciwed that air containing a small stances more tlian ten minutes at 
amount of an odorous substance most, because the oliactory organ 
absorijed more radiant heat than did fatigues rapidly. Later this period 
pure air. Air containing patchouli can be increased to one lioiir. Blind 
absorbed sunlight times as persons use tlieir sense ol smell to a 

strongly as pure air, while thyme in- muth greater extent than people 
creased the absorptive power 70 who can see, and as a result of train- 
times. ing are capable of astonislung |)er- 

Most . odorous substances have formances. Many physicians are re- 
large molecules so that they diffuse puted to be able to smell certain 
very slowly. This accounts for the divseases. When the mother of a 
fact ..that smells tend to hang about sick child wanted to conduct a 
objects. If a twelve-year-old boy famous nineteenth-century ‘physician 
smokes a cigarette at noon, the into the sick-room he said : “ Donh 
odour which clings to his clothes or w^ake her." Then opening the door 
hair will betray him to his mother slightly, he sniffed the air ami an- 
in tlie evening. The odour of musk iioui iced his diagnosis: ‘LScarlet 
cannot be removed from clothes, fever I” 

even after they have been washed Olfacfon 7V//cn/. Tliere are born 
and ironed three tinies. Odours cling “ smellers." in their books some 
more tenaciously to dark materials travellers describe the odours of 
than to light ones; the sequence is different countries, provinces, cities, 
black, blue, green, red, yellow, white, arid bazaars as precisely as if they 

were dealing not with olfactory but 
Training the Sense of Smell visual perceptions. In almost 

Some odorous substances, such as every literature there are writers, as 
fatty acids, are very volatile. If for instance Turgeniev, Huysmans, 
someone on the ground floor of a Jacobsen, Zola, and Baudelaire, who 
house Iries fish in rancid oil, all the describe olfactory impressi<)ns or de- 
tenants in the upstairs apartments iineate olfactory pleasures with a 
sufler. An iodoform dressing can precision that is incomprehensible 
taint an entire apartment with its to the average person. Zola^s 
odour. olfactory accomplishments were so 

The Accomplishments of the extraordinary that he was examined 
Olfactory Sense. On account of its scientifically.* He described olfac- 
decreased use, the olfactory sense has tory sensations as other people do 
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visujjj impressions; and Baudelaire 
cn jov'cd odours just as a niusical per- 
son enjoys die luusic ol Bach or 
Mozart, 

77/ r Xosr Kiss, Modern Euro- 
peans and Aiucricans greet one an- 
other by shaking hands, and if they 
arc iniiinatc, kisses may be ex- 
changed. In early times people 
smelled one another. 'Fhe kiss was 
unknown to early man. In Sanskrit 
the word for “kissing,” ghrdj means- 
“ to vStnell in Old Persian the word 
for “ love ” means “ smell in clas- 
sical (7 reek there was no word for 
“kiss”: and in the Maori tongue 
there is no expression for “I greet 
you ” except the phrase “ I smell 
you.” Even today the Maoris still 
use the nose kiss as an expression of 
greeting. The Japanese regard a 
mouth kiss in public with such ab- 
horrence that all kissing scenes must 
be removed from cinema films des- 
tined for the Far East. The nose 
kiss may be regarded as a relic of a 
time when man b^sed his feelings of 
sympathy or antipathy for other 
huinati beings upon the olfactory 
sensations which they provoked in 
liim. 

In modern man the nose has lost 
its signilicance as an organ of social 
and physical orientation, these func- 
tions being exercised by the eye and 
the ear. Today the nose is incapable 
of fuhilling its function as an ap- 
paratus for orientation in the 
si niggle for life. A person who 
travels l>y motor-car and aeroplane, 
and who moves about in the eye-ear 
world of the newspaper, the cinema, 
and the radio, can no longer orient 
himself by means of the slow-work- 
ing nose. Instead the nose has ac- 
(|uired a previously non-existent 
function; it has become an organ for 
the enjoyment of sensory impres- 
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Fig. 343. How man smells the perfume 
(f a flower-— a drawing of the marvellous 
apparatus (much enlarged) that enables 
us to detect odours. The flower emits 
molecules which impinge upon the sensory 
cells of the olfactory mucous membrane, 
producing nerve currents which travel to the 
brain. Glands keep the membrane moist. 

sions. An animal uses sensory im- 
pressions, but it doesn’t enjoy them. 
A cow chooses with its nose the 
plants that it eats, but it does not 
delight in the odours of flowers. 



THE HUMAN EAR IN ACTION 

Fig, 344. A drawing of the inner i>tructure of the ear, showing the mechanism through 
which sound vibrations are transmitted: (a) is the outer ear; (b) is the auditory canal; 
(c) eardrum; (d) auditory ossicles; (e) cochlear lymph; (f) sound membrane with 
auditory cells; (g) auditory nerves which convev the impulses to the brain. 
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The Ear 

EQUILiBRAl’ORY MECHANISM. THE SEMICIRCULAR CANALS. VERTIGO. 
SEASICKNESS . DEAF-MUTES . THE AUDITORY APPARATUS . THE DRUM. 
THE EUSTAGPiiAN' TUBE. TFIE AUDITORY OSSICLES. THE COCHLEA. 
AN AUDITORY PIANO. Tl-IE KEYBOARD. THE TECTORIAL MEMBRANE. 
THE LYMPH. THE WINDOW MEMBRANES OF THE EAR. 


S INCE the earth attracts every- 
thing in its neighbourhood by 
tlie powerful force of gravity, all 
iocomoting organisms must be 
equipped with equilibratory mech- 
anisms which will inform them of 
their spatial position in relation to 
ihe earth. Every moving structure 
wliich rises above the surface of the 
earth, whether it is a child’s kite, 
an aeroplane, a medusa, a bird, or 
the body of a vertebrate travelling 
on its legs, must balance constantly, 
like a tight-rope walker, in order not 
to collapse or fall down. 

The Eqiillibratory Mechanism of 
>1 Medusa. The organs of equili- 
!)rium of animals are among the 
most interesting technical structures 
of the organic world, and it is a fas- 
cinating chapter in the study of 
natiu'al liistory to trace the increas- 
itig perfection of the various models 
in the course of animal evolution 
and to derive the structure of the 
human organs from simpler types. 

Bells and Clappers 

Figure 345 shows the pendulous 
“ clapper ” of a jellyfish (I) as an ex- 
ample of a simple equilibratory 
mechanism. Around the edge of a 
jellyfish, at the base of the tentacles, 
for example, or in the dome of the 


animal, there are arranged a row of 
statocysts, each consisting of a bell- 
like structure, lined with sensitive 
cells and containing a pendulous 
“clapper” made heavy by the de- 
position of limy salts in its end. 

Balancing with Stones 

When the jellyfish is tipped u[) 
at an angle by a wave or any other 
agency, the clapper within each 
statocyst savings over and strikes the 
sensory cells on one side of the bell. 
These cells send a nerve current to 
the depressed area, where the muscle 
cells contract, causing the jellyfish 
to right itself sufficiently to bring the 
clappers to a standstill and thus re- 
storing equilibrium. 

The Equilibratory Mechanism of 
a Lobster. In a lobster (II) the cavity 
of the organ of equilibrium com- 
municates Avith the external world 
(a). In order to be able to grow, the 
lobster must discard its shell from 
time to time and acquire a new one. 
In the course of this moulting pro- 
cess both the internal membrane of 
the statocyst and the clappers arc 
thrown off, .so that the animal is 
helpless during this period. As 
clappers in the organs of equili- 
brium the lobster uses small stones 
which it collects after every moult 
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Fig. 345. The equilibratory apparatus of lower animals: (!) a jellyfish is provided with 
an equilibratory sphere in a bell-shaped space; (11) a lobster into whose statocyst 
(a) iron filings have been introduced has, under a magnet, an inverted sense of space. 



■ ORGANS OF 

iiials,, but it is a much later and con- 
sequently more complicated model 
of natural lechnoiogv. In order to 
visualize the construction of the 
orpn of equilibrium, one must 
think of two quite different struc- 
tural forms: first, of balloon riffoiup', 
secondly, of a colonnade [Fig- 
The entire organ (c) is a sac, 
tensely filled with lymph. It is 
housed within a bony case (a) and 
attached to the walls of the latter by 
connective-tissue fibres (b) in a man- 
ner similar to the way in which bal- 
loons or dirigibles are anchored (A). 

1 he floor of the balloon contains 
the recording instruments (d). It 
consists of a layer of columnar hair 
cells from whose free end projects 
a rigid hair process (f). Between 
these sensory cells are several rows of 
supporting rod cells. Upon these 
cells lies a gelatinous layer (e). Be- 
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iieath the layer the rod cells form 
tiny vaults, each containing a sen 
sory cell. The entire arrangement 
resembles a candlestick in an altar 
niche, and the hair process of the 
sensory cell projects freely into the 
space of the niche like a candle 
flame [Fig. 347]. Just as a candle 
flame flickers when an air current 
strikes it, so the hair of the sensory 
cell vibrates when the quiet of the 
microscopic space is disturbed. Such 
a disturbance occurs when the posi- 
tion of the head changes [Fig. 347]. 
Crystals or concretions of calcium 
salts are attached to the projecting 
hairs of the sensory cells. If the head 
is kept erect, the pressure exerted 
by the concretions is distributed 
equally upon the lymph and the 
hairs within the tiny vaults. On the 
other hand, if the head is inclined 
to one side or the other, the con- 



Fig. 346. The human apparatus of balance (Left) is suspended from delicate filaments, 
like a balloon inside its net (A), The sensory cells (f) stand erect like candles inside 
tiny vaults (B), their delicate hairs ready to detect the slightest change of position,. 
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cretions change their position and 
move to the inclined side, thus alter- 
ing the pressure relations and stimu- 
lating' die sensory cells. The latter 
in turn send nerve iinpulses to the 
cerehellurn, where the reflex mech- 
anisms for the maintenance of equi- 
librium are activated to send strong- 
ton us impulses to the muscles of the 
opposite side of the body. In this 


and neck becomes weaker and the 
more powerful musculature of the 
left side draws the head to the k'ft 
[Fig. 349]. The head of a pigeon 
deprived of boili labvriiiihs, as this 
most complicated part of the animal 
liody is calleth liecotnes so wcatk that 
a couple of cherries |;)ut in die fiird’s 
beak suffice to maintain It in a 
twisted position. And when tlie 
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Fig. 347. The organ of balance, when the head is erect and when it is inclined to either 
side. Note the bending of the sensory hairs and the displacement of the tiny erystals. 


way the Iiody automatically adjusts 
itself and returns from an inclined 
to an upright [losition [Fig. 284 
(1-.6)]. 

The Loss of the EquiUbrafory 
Apparat/us. Tlie two organs of 
equilibrium constantly send tonus 
impulses to the cerebellum. If a 
pigeon is deprived of the right 
equilibratory organ, the muscle 
tonus on the right side of the head 


atonic head is |.)ut into water, tlie 
animal no longer has the energy to 
withdraw it, nor does it feel an\ 
need to do so. becausce hacing lost 
its faculty for spatial orientation, it 
does not appear to notice dial ii'^ 
head is inverted. 

The Senuvireitlar (Innais, I'he 
equililirator) organs arc* “ static: ap- 
paratuses. lake a pendulum or a 
hydrostatic level the) infoiiu one ol 
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the position of the head in relation 
to the centre of the earth. As the 
lower animals developed into verte- 
brates, thus improving their loco- 
motion, they had to have a “ conv 
pass, ’ just like a ship or an aero- 
plane, to indicate the direction in 
wliicli they were moving. Space has 
three dimensions : length (back- 
wards and forwards), breadth (right 
and left), and height (up and down). 

Balancing Canals 

^ Corresponding to these dimen- 
sioiis, three elongated tubes grew 
out of the sac of the equilibratoi^ 
organ. Since they describe semi- 
circular arcs, they are called semi- 
circular canals [Fig. 353 (10)]. They 
are placed approximately at right 
angles to each other in the three 
dimensions of space [Fig. 348]. Ai 
one end of the fluid-lilled semicircu- 
lar tubes there is a bulb-like enlarge- 
ment, or ampulla. These ampullae 
are static organs responding to 
stimuli of diflerential pressure. A 
group of sensory cells, bearing stiff 
liairs which project into the cavity 
of the ampulla and are connected 
tvith nerve fibres, form a device (see 
lower right-hand corner of Fig. 
3,50) which is stimulated by the 
movement of the fluid within the 
tube whenever the apparatus is tip- 
ped into a new position. Since the 
semicircular canals occupy three 
different planes, the combined 
sJiimili received by all the three ain- 
puihe make it possible to detect any 
shift in position, and so to initiate 
the muscular responses necessary for 
the maintenance of equilibrium. 

For exam|>le, we get into a car and 
start out for a drive (a). What hap- 
pens? Hie motoi'-car travels for- 
ward and from under us, so to say, 
tending to leave us behind because 


of our inertia. We are , pressed ,, 
against the back of the seat. The 
lymph in the semicircular canals 
also remains behind, so that such 
movements create currents in the 
fluid due to its inertia. The superior 
and the lateral canals do not regis- 
ter any reaction because their sen- 
sory hairs are not bent by the moving 
lymph. However, in the inferior 
semicircular canal, which responds 
to motion in a forward or backward 
direction, the sensory hairs are bent 
backward by the pressure of the inov- 
ing lymph. Bending of the hairs ex- 
cites the nerves with which they are 
connected and we feel that we are 
travelling forward (b). 

After several seconds the lymph as 
well as the entire body acquires the 
same velocity as the motor-car, arid 
we no longer notice its motion be- 
cause the sensory hairs in the canal 
are again erect (c). We see an ob- 
stacle in the road and put on the 
brakes quite suddenly. Our body re- 
tains its velocity and slides forward. 
The same thing happens with the 
lymph. As a result it bends the 
hairs forward, and we perceive the 
pull on the hairs as a slowing up of 
our forward motion (d). When we 
travel around a curve the lympli in 
the lateral semicircular canals is set 
in motion. 

Travelling in a Lift 

If, moreover, we leave the car and 
travel upward in an elevator, the sen- 
sory hairs of the superior semicircu- 
lar canal are bent downwards when 
the elevator starts (e), and straighten 
out while travelling (f). When the 
elevator stops, they continue to 
travel in the same direction and are 
consequen 1 1 y ben t up w ard s (g) . 1 n 

this manner the hairs of the three 
semicirGuIar canals inform us of the 
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movements of the body in the three 
planes of space. 

Vertigo. If one revolves rapidly 
in a circle, the lymph in the horizon- 
tal semicircular canal bends the sen- 
sory hairs backwards. On stopping, 
the !)'mph, which retains its rotary 
motion owing to inertia, presses the 
hairs in the opposite direction, so 


apparatus' are shaken; back and forth, 
as the position of the cleck changes 
under one’s feet. The lymph in the 
labyrinth canals rocks back and forth 
like the water in the carafe attached 
to the cabin wall; the sensory hairs 
whip back and forth; the nerve im- 
pulses to the cerebellum are switched 
on and off; each order follows on 



Fig. 348. An elegant example of Nature's workmanship — (a) the three semicircular 
I canals for detecting the body's movements in space., (b) the equilibratory mechanism 

, for determining the position of the head (centre of picture), and (c) the cochlea. 

^ ' that it seems as if one were now the heels of the preceding one. every 

/ : revolving in the opposite direction, command contradicts that wliich 

- ' However, since our legs and critical preceded it, and if an order docs 

' ! judgment tell us that we are station- reach its destination, the position of 

ary, we solve the contradiction by the ship has already changed, the 

assuming that the world is revolving order is superseded and counter- 

[i I; around us in the reverse direction, manded. Ihe result is a state of 


In other words, we are dizzy. anarchy in die nervous system in ac- 

Seasickness. Seasickness is an at- cordance with the famous principle: 
tack of madness ” in the labyrinth “ ordre — conirc-ordre — dcsordre:” 
apparatus. On a storm-tossed ship The consec|uences #f this condition 

the concretions in the equilibratory are headache, dizziness, ringing in 
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the ears, spots in' front of the eyes, 
pallor, flushes, cold sweats, lowering 
of the blood-pressure, retching, and 
vomiting— in a word, seasickness, 
the condition for which no remedy 
exists, nor can exist unless one finds 
some means of bringing the lymph 
in the semicircular canals to a stand- 
still or of eliminating the influence 


ihe smoke-stacks— and to remain 
there as quietly as possible. As in all 
other morbid conditions, will and 
imagination play a large part. Fear, 
as well as thinking and talking about 
it, favour seasickness. People who 
are afraid are made seasick by the 
odour of the ship and the idea of 
future storms which it rouses, while 



Fig. 349. If a bird is deprived of its organs of equilibrium, it is unable to control the 
position of its head, and does not seem to realize that it is inverted. (Page 50H,> 


of the nerves that innervate the 
canals. 

Remedies against Sea- and Air- 
sickness. All existing remedies 
against seasickness and its modern 
variant, airsickness, act upon the 
consequences but not the causes of 
these conditions. They paralyse 
either the cerebral cortex, the brain 
stem, or the vomiting centre in the 
medulla, or like cocaine they de 
crease the sensitivity of the mucous 
membrane they stimulate the sym- 
pathetic system, or raise the blood- 
pressure— but they do not allay the 
unrest of the lymph in the semicir- 
cular canals, which IS the cause of 
seasickness. , 

At present there is no better 
remedy than to betake oneself to the 
steadiest part of the ship— that is, 
Its centre in the neighbourhood of 


a courageous person overcomes even 
severe attacks. The large part played 
by will in this disease is shown by 
the fact that in times of danger sea- 
sickness vanishes even among those 
most severely affected. No one has 
ever been drowned because of in 
ability to leave his cabin in conse- 
quence of seasickness. But in order 
to produce such volitional miracles 
an ordinary mortal has to feel that 
death is at his heels, because a 
diminution of will-power is one of 
the signs of seasickness. 

Deaf-Mutes. Deaf-mutes are people 
who have not learned to speak be- 
cause they were born deaf or lost 
their hearing in early youth. In one- 
fourth of these deaf-mutes the inner 
ear, including the semicircular 
canals and the equilibratory appara 
lus, is more or less degenerate. It 
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lacks sensory hair cells. Because all 
children possess extraordinary dex- 
tcritA\ dcai-nuues learn to walk with 
the help ol visual control and the 
muscle sense. But they remain awk- 
ward and Lincertain in the dark, 
riiey are poor swimmers and can- 
not dive. Since they have no sen- 
sorv hairs, they do not become dizzy 
or seasick. But this is the only ad- 
vantage which they obtain from 
their infirmity. 

How Heartog Developed 

The Auditory Apparatus. The 
auditory apparatus is a grandchild 
of the organ of equilibrium. Aquatic 
animals developed an organ of 
equilibrium, and when they ac- 
quired greater freedom of motion 
they added the semicircular canals 
to control the direction of their 
movements. When aquatic animals 
left the water in the course of evolu- 
tion, the gill clefts became super- 
fluous and were rebuilt to serve other 
functions [Fig. 26], The first gill 
cleft, which had previously been a 
canal for water, now became a canal 
for atmospheric air. At the same 
time the organ of equilibrium g^ve 
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■rise to a new instrument of orienta- 
tion, a fourth seniicircular canal, 
which gradually grew longer and 
eventually curled up like a snail 
[Fig. 348^ and Fig. 353 (12)]. No 
doubt for millions of years the am- 
phibian animal forms that were 
transitional between true aquatic 
and land animals and whose ftodies 
were not yet elevated by means of 
supporting limbs from contact with 
solid earth had no true organs of 
hearing. The vibrations which were 
of the greatest service to them and 
for which their sense organs were 
especially adapted were probably 
seismic rather than auditory in char- 
acter. With the elevation of the 
head from the ground and the simul- 
taneous refinement of these sensory 
organs they began to percei\T vibra- 
tions that passed througli the air — 
sound waves — witli the result tliat in 
the course of millions of years the 
organ of equilibrium developed into 
a true sense organ of hearing. 

The human auditory apparatus is 
composed of three parts: the outer 
ear, which collects vibrations from 
the air; the middle ear, which am- 
plifies them and transforms the 



(a) at rest. 


(b) starting. 


(c) driving. 


Fig. 350. //oir detected by the equ'dibnitory mechanism 'oj the ear. The 

pictures (a — d) illustrate successive stages of horizontal motion. The sensory ham 



(f) travelling. 


(g) stopping. 


(e) starting. 


(d) stoppini 


vibrations into iynipli waves; and the inner' car, 
which transiornis the lymph vibrations into ii 
nervous impulse [Fig. 353]. 

The Exlcnial Ear. The external ear is a 
dcgoierale organ, it was i'onnerly larger, and 
movable, and still exhibits today remnants oi the 
nuisck's with wiiich it was equipped for move- 
ment. liideed, some people can still move their 
ears. The human ear, like some animal ears, 
iormeri) had a lip, but in man it has practically 
disappeared and has been replaced by the charac- 
teristic upper curving edge, or helix. At the 
place where the tip was formerly located, some 
human cars exhibit an infolding which resembles 
tile tip of a monkey’s ear. This phenomenon 
was described by Darwin and is therefore known 
as “ Darwin’s point ” [Fig. 352]. 

The .hidifory Canal. The auditory canal is 
tile external passageway that leads from the ex- 
ternal car I Fig. 353 (i)] to the middle ear. It 
is about 1 inch long, slightly bent, and larger 
at either end than in the middle. The entrance 
f)f the canal is supplied with outward-projecting 
hairs tlnit serve to prevent the entry of dust 
particles and insect invaders (2). In addition, 
the skin lining the auditory canal contains some 
2,000 “ wax ” glands (3), which secrete a yellow 
waxy substance that catches any insects in the 
canal as flypaper does flies (4). The chief func- 
tion of the wax, however, is to lubricate the walls 
of the auditory canal and the eardrum (5). The 


of the inferior canal are bent forwards and backwards and inform the brain accordingly. 
(e~—g) are seen the reactions of the superior hairs to vertical motion in a lift. 
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Fig. 351. Placing the hands in the position 
shown above is an aid to visualizing the 
arrangement of the semicircular canals^ 
with their three spatial planes arranged 
at right angles to one another. 

audilory canal is the ‘'mouthpiece'' 
of this nuisical apparatus. Like the 
trachea in the vocal apparatus, its 
cavity encloses a long column of air 
of an even, moderate temperature. 
This column oi air forms the con- 
stant fundamental mass for the 
sound configurations that pass 
through the auditory canal and im- 
pinge upon the eardrum. At the 
same time it isolates the “ musical 
instruments ” of tlie middle ear 
against all the disturbing influences 
arising from temperature changes in 
the outer world. 

The Middle Ear. The middle 
ear is a space about as large as a 
pea. It is an irregular air-filled 
chamber, hollowed out of the tem- 
poral bone. Stretched across the 
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inner end of the auditory cana! and 
separating it from the middle ear 
is the tympanic membrane, or the 
eardrum as it is commonly known 
( 6 ). The sound vibrations that 
impinge on the eardrum are carried 
across the middle ear and intensified 
in their passage to the inner ear by 
the auditory ossicles ( 7 ). 

Ear Infection 

Inflammation of the middle ear is 
generally a catarrhal condition that 
results from cold, influenza or 
measles. The infection generally 
ascends from the pharynx to the 
middle ear by means of a passage- 
way, the Eustachian tube ( 8 ), and 
often leads to suppuration involving 
both the tympanic cavity and the 
cellular mastoid process located be- 
hind it. This necessitates incision 
of the eardrum, or, if this does not 
suflice, opening of the mastoid 
cavity. 

The Eardrum. As mentioned 
above, the entrance to the middle 
ear is closed by a membrane, the 
tympanic membrane ( 6 ), set ob- 
liquely across the passageway of the 
auditory canal. An advantage of the 
oblique position is that a greater ex- 
panse of surface is exposed to the 
vibratory stimuli than would be pos- 
sible if the membrane extended 
squarely across. The structure of the 
membrane is analogous to that of a 
parasol. Delicate fibres run concen- 
trically, while strong fibres, corres- 
ponding to the ribs of an umbrella, 
pass from the centre to the peri- 
phery. The delicate fibres are elastic 
so that the membrane can expand and 
contract under the impact of the air. 
The coarse fibres are springy, like 
the ribs of an umbrella, and do not 
change their length. Owdng to this 
structure the drum is very strong. 


I 

M 


ABNORMAL, AIR' PRESSURE 


It withstands the pressure of 
column of mercury one metre high. 
In addition it also has a special 
‘‘ valve ” as a protection against rup- 
turing; the upper segment is not so 
tensely stretched as the other parts, 
but is flaccid. In some individuals 
the eardrum is congenitally per- 
forated. In some cases it must be 
opened surgically in order to relieve 
middle-ear inflammation. The audi- 
tory faculty is but little affected by 
this procedure. 

The Eustachian Tube. The Eus- 
tachian tube (8) is the ventilator of 
the tympanic cavity. It is broader 
at the pharyngeal than at the tym- 
panic end, and remains closed except 
during the act of swallowing, when 
it may open far enough to permit 
an exchange of air within the tym- 
panic cavity. In this way the pres- 
sure of the air within the tympanic 
cavity is so adjusted that it is the 
same as on the outside of the ear- 
drum. 

Firing a Gim 

Rupture of the Eardrum. Un- 
usually strong sound vibrations, such 
as arise when heavy artillery is fired 
or when lightning strikes, may exert 
such great pressure on the eardrum 
that it may rupture [Fig. 554 (A)]. 
Such a rupture can be prevented b\ 
opening the mouth wide when the 
command to fire is given. If this is 
done the air presses against the tym- 
panic membrane not only from the 
outside through the auditory canal, 
but also by way of the oral cavity 
through the Eustachian tube, so that 
the pressure on both sides of the 
drum is ec^ualized (B). 

The Eustachian Tube in Health 
and Disease. Stop reading for a 
moment and swallow. In swallow- 
ing, the uvula — which may be seen 
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in the centre of Figure 336, suspen- 
ded from the soft palate— is elevated, 
the Eustachian tube is opened, and 
air is pressed into it out of the oral 
cavity [Fig. 355 (a)]. As mentioned 
above, this exchange of air serves to 
adjust the air-pressure within the 
tympanic cavity so that it is equal 
on both sides of the eardrum. The 
wall of the jlympanic cavity contains 
numerous small blood vessels that 
warm the air within it. Through the 
very thin walls of these microscopic 
vessels the blood within them re- 
moves air from the tympanic cavity. 
Respiration is carried on not only 



Fig. 352. The external ear of man is in 
the process of transformation. Its outei 
border has turned inward, as is indicated 
by the horizontal arrow, while its lower 
edge has become elongated to form the 
lobe (vertical arrow). Above the hori- 
zontal arrow is the so-called ‘‘^Darwin'^s 
poinf" (D), an infolding believed to repre- 
sent the tip of the ear in other mammak. 




THE EAR 


Fig. 353. The marvellous mechanism of the human ear. (1) The auricle^ or outei 
ear, which gathers sound waves like a trumpet; (2) the protective hairs of the auditory 
canal; (3) wax glands for lubrication; (4) sticky insect trap; (5) auditory canal; 
(6) eardrum; (7) the three auditory ossicles; (8) Eustachian tube, which equalizes 
air-pressure inside the inner ear; (9) bony casing; (10) semicircular canals—a three' 
dimensional compass; (11) equilibrium apparatus ; (12) the cochlea, or organ of hearing 


by means of the lungs but also 
through the tympanic cavity. To be 
sure, the quantity of air removed is 
very small, only about one table- 
spoonful of air between two swal- 
lows. If a vacuum arises in the tym- 
panic cavity, hearing becomes diffi- 
cult or even impossible. When one 
has a cold, the pharyngeal opening 
of the Eustachian tube becomes swol- 
len, making it impossible for air to 
enter the tympanic cavity. In con- 
sequence a vacuum is created in the 
tympanic cavity and one has diffi- 
culty in hearing. The pressure of 
the atmosphere against the eardrum 
meets with no resistance within the 
tympanic cavity, the drum is pushed 
inward, and one feels that the ear 


is clogged (c). When the patient visits 
a doctor, the latter remedies the con- 
dition by inserting a thin tube into 
the mouth of the Eustachian tube 
and blowing some air through it by 
means of a rubber balloon. A 
healthy person, whose pharynx: and 
Eustachian tube are not affected in 
any way, can carry out this treatment 
himself. The mouth and nose are 
kept closed, while at the same time 
an attempt is made to exhale. The 
air from the lungs cannot escape 
and ascends through the Eustachian 
tube into the tympanic cavity, as in 
the left half of (b). If the eardrum 
is perforated, the air escapes through 
the ears. One can do the same witli 
a mouthful of smoke, in which case 
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the smoke will be seen emerging pression motors. A motor-car makes 

ixom the ear, as shown in the right use of the motive power furn- 

iialf of (b). ished by a compressed and then 

The Auditory Ossicles. The ignited gas; in the ear the motive 

sound waves that impinge on the impulse is provided by the compres- 

eardrum are transmitted to the inner sed air of the sound waves. In the 

ear and amplified in the course of motor-car the mechanism is acti- 

this passage by a system of three tiny vated by the pressure created by the 

ear bones, or auditory ossicles: the ignition, in the ear by the pressure 

hammer {^malleus), the anvil {incus), of the sound waves. The second 

and the stirrup {stapes) [Figs. 344, parallel is the fact that in the ear 

355, 356]. The ear bones are the 
smallest bones of the skeleton, and 
are not much larger than the letters 
on this page. They are articulated 
with each other by means of joints. 

Two tiny muscles, the smallest in the 
body, attached to the hammer and 
the stirrup, regulate the tension of 
the t\anpanic membrane and the 
contact between the bones. The en- 
tire system consisting of the three 
auditory ossicles is a “ driving-gear ” 
mechanism, analogous to that of a 
motor-car. Although they are essen- 
tially cjuite different, yet both the 
motor-car and the ear exhibit cer- 
tain remarkable parallels [Fig. 356]. 

In the first place, both are com- 


pression pressure is lirst transmittea 
to a large freely vibrating middle 
piece, the flywheel in a motor-car, 
the eardrum In the ear. The third 
point of resemblance is the “ trans- 
lation,” by means of a gear mechan- 
ism in both cases, of movements of 
great amplitude into movements of 
diminished amplitude but increased 
power. In the motor-car this trans- 
lation is performed by the driving 
gear, a system of interlocking gear 
wheels; in the ear by the system of 
the three auditory ossicles. This 
translation is necessary (fourth point 
of similarity) because in both meclr- 
anisms the movement of gases must 




r-pressitre, such as accompanies the firing of a gun, may cause 
But if the mouth is kept open during firing, the air-pressure 
both sides of the eardrum, and no damage results. 
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be transformed into a movement 
of massive parts. In a motor-car 
small pistons are moved back and 
forth by the pressure of the gas, and 
this motion of relatively little energy 
is transformed by the gear system 
into the revolution of heavy wheels. 
In the ear the vibrations of the air 
111 the cylinder of the auditory canal 


ear: 

^ we are observing an ' instrument- 
maker at work [Fig. 357]. He takes 
a piece of bone, damps it in a vice, 
and bores a spiral passage in it 
which runs two and a half times 
around a central axis. Reversing 
the borer, he makes a similar des- 
cending tube. Between the ascend- 
ing and the descending passages he 


Fig. 355. The air-pressure within the Eustachian tube is subject to variation. Normally, 
whenever we swallow (a), some air is pushed through the Eustachian tube into the 
middle-ear cavity. If the mouth and nose are closed (b) and the air within them is 
compressed, it passes into the tniddle-ear cavity and produces excessive air-pressure 
behind the eardrum. Negative pressure (c) may result from a head cold. The 
Eustachian tube is swollen and obstructed, the air in the middle-ear is absorbed, and 
external air pressure pushes the drum inwards, causing a fueling of discomfon. 


must be translated into the vibra- 
tions of the lymph in the spirally 
wound cochlea. The three auditory 
ossicles are a “ gear mechanism ” 
which translates the large vibrations 
of the eardrum into the 53 times 
smaller vibrations of the column of 
water in the snail-shaped canal of 
the cochlea [Fig. 356 (a, b)]. 

The Cochlea. The cochlea, the 
part of the auditory apparatus which 
contains the specific organ of hear- 
ing, is a musical instrument of com- 
plicated structure, resembling that 
of a piano. In order to comprehend 
its construction, let us imagine that 


leaves a wall (a). From this wall the 
instrument-maker then breaks off 
the outer part, removing more of the 
wall in the upper part of the spiral 
lube. The space thus created is 0.16 
inch wide at the bottom of the tube 
and expands increasingly as it passes 
upward until it is 0.21 inch at the 
top (b). Then he drills a few deli- 
cate canals through the axis, or 
spindle as it is called, of the snail- 
like structure and extends them to 
the edge of the remaining section of 
the wall (c). The resemblance to a 
violin bridge is striking, and it be- 
comes even greater as we follow the 
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construction in its further stages. 

Upon the remaining section of the 
wall, which projects from the axis 
like a balcony, he mounts a plate 
consisting of firmly felted connec- 
tive-tissue fibres. On this plate he 
moulds several rows of teeth similar 
to the steel hitch-piiis that pianos 
have for the attachment of the 
strings [Fig. 358 (a)]. From these 
teeth he stretches strings to the op- 
posite wall, and like a piano-maker 
he combines them in groups of three 
to six to form chords (b). Since the 
space at the bottom of the spiral tube 
is narrow, he uses short, delicate 
strings here. The higher he ascends 


in the spiral, the longer and thicker 
do the strings become, until he 
finishes at the top with bass strings. 
A piano-maker uses about 24.0 
strings; the constructor of the coch- 
lea requires exactly one hundred 
times as many — 24,000! Since the 
cochlea in a pianist’s ear is approxi- 
mately a million times smaller than 
the piano upon which he plays, one 
must imagine the keyboard and 
strings of a concert piano re- 
duced about 100 million times in 
order to arrive at the dimensions of 
the auditory '‘piano” in the ear. 

The Keyboard, Now the instru- 
ment-maker, using a forceps, picks 


•IG. 356. The auditory ossicles of the ear operate like the transmission mechanism 
fa motor-car. The function of these three tiny bones— smallest in the body— is to 
mtsform one type of motion into another, just like the motor’s transmission system, 
n the case of 'the ear, the relatively large, free vibrations of the drum (comparable 
;lth a flywheel) are transformed into minute movements in the cochlear fluid. 






THE EAR 


Fig. 357. Building an auditory piano — the construction of the cochlea. Taking a 
snail shell (1) as model, a double passageway is drilled spirally through a bone (a). 
Part of the dividing wall is removed (b), leaving a platform. Then fine canals are bored 
through this stiuctwe (c), which in section now somewhat resembles a violin bridge (2). 


Fig. 359. Two types of supporting pillar cells (a, b) 
arch. The lower part of each cel! is alive; the remainder 


are fitted together to form an 
is formed of springy horn rods. 


I 


I 






BUILDING AN AUDITORY PIANO 


Fig. 361. A further stage in the building 
of the auditory piano. Auditory cells (H), 
resembling cucumbers cut in half are 
attached to the arches of supporting pillar 
cells. Each auditory cell is furnished with 
slender bristles, which act as sensory hairs. 


Fig. 362. In order that several rows of 
auditory cells can be installed, additional 
supporting cells, shaped like bottles (St), 
are fitted. To the narrow necks of the 
'‘^bottles’"’ are attached supporting plates, 
h'om which more auditory cells are hung. 


Fig. 364. Above the auditory cells and 
their tiny projecting sensory hairs is now 
fastened a thm membrane ( M), which 
under light pressure impinges upon the hairs. 


Fig. 363. From each of the auditory cells 
connections are made to the nervous system 
by means of nerve cables (N), introduced 
through the tiny canals and openings. 



Fig. 365. hi order lo nourish the cells of the "'auditory piano f blood vessels are intro- 
duced through its bony walls. (A) represents an artery, with its branches; (V) and 


(V^) are veins, while (G) is a network of 

a number of cells out of a box and 
constructs the keyboard with them. 
First he takes two types of support- 
ing pillar cells which lit together like 
a box and its cover [Fig. 359]. Each 
supporting cell consists of two parts. 
One of these (dark in the drawing) 
is alive; it contains a granular pro- 
toplasm together with the cell 
nucleus, and nourishes the cell. The 
other upright portion is a support- 
ing pillar and contains bundles of 
springy horn rods. Some of the sup- 
porting cells are inclined to the right 
and others to the left. The instru- 
ment maker takes one of. each and 
places them so that they lean against 
each other, forming an arch. He 


blood vessels surrounding a nerve ganglion. 

then puts the arches above the point 
of attachment of the strings [Fig. 
360]. By placing an arch over each 
group of strings the pillars form a 
tunnel (T). 

‘‘ Cucumber ” Cells 

On the plates of the supporting 
cells he hangs small dark auditory 
cells resembling cucumbers that 
have been cut in half [Fig. 361 (H)], 
In the cut surfaces he places line 
bristles that are to serve as sensory 
hairs. In the smaller auditory cells 
he mounts the hairs in a single row, 
while in the larger ones many more 
are in.serted- -indeed as many as one 
hundred hairs in some cells. In order 
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to provide, the support for the audi- 
tory cells so that several rows of them 
can be installed, he makes special 
supporting cells shaped like bottles 
[Fig. 362 (St)]. He solders support- 
ing plates to the narrow necks of the 
bottle ceils, and suspends more audi- 
tory cells in the spaces between the 
plates. In these spaces the auditory 
cells swing as freely as bells [Fig. 
362]. , , , 

Nerves of Hearing’ 

The Irmeruatioii of the Cochlea. 
After the auditory cells have been 
suspended in their places, the instru- 
ment-maker introduces nerve cables 
[Fig. 363 (N)] through the canals and 
openings of the spindle. At the base 
of the auditory cells these cables are 
unravelled so that each auditory cell 
is surrounded by a network of nerve 
endings. An instrument-maker who 


constructs an auditory piano such as 
we are describing must be industri- 
ous and have a great deal - of 
patience; he must attach more than 
20,000 .strings and mount approxi- 
mately 100,000 auditory cells. 

T he , T ectorial Mem brane. After 
all the auditory cells have been hung 
in their places and all the sensory 
hairs have been inserted, a thin pro- 
jecting flap is now fastened above 
the keyboard. This flap, which is 
known as the tectorial membrane, 
probably impinges lightly upon the 
upright sensory hairs whenever it 
is agitated [Fig. 364]. Then he 
stretches a bi'oad membrane trans 
versely across the interior of the en 
‘tire spiral tube, thus dividing it 
into three segments of approxi- 
mately equal size. The upper and 
lower spaces are free from the vibra- 
tions of the sound waves, while the 



Fic 5 . 366. Across the spiral passageway., throughout its entire length, a delicate mem- 
brane is stretched at an angle. The passageway has already been partitioned ( Fig 
357), and now consists of three spaces. The middle space contains the "'keyboard.'^ 


centre one contains the keyboard 

fFio-. ‘•^ 661 . 

The Lymph. The spaces do not 
remain emptyi but are filled with 
lynipli. The instrument - maker 
brings tubes through the bony wall 
365], light arteries (A) and dark 
veins (V), and from the main tubes 
branches are extended underneath 
the keyboard. In addition, other 
branches are laid circularly around 
the spiral tube, while each indi- 
vidual nerve node in the wall is 
surrounded by a special network of 
delicate vessels (G). F^inally, he lays 
another tube beneath the aiched 
tunnel formed by the pillar cells. 
Attached to this coarse network of 
blood vessels is the much finer and 
much more ramified system of 
lymph-vessels from which the lymph 
in the cochlea is obtained. 

Resonance 

The Windoiv Membranes. To 
prevent the lymph from flowing out 
of the cochlea, so that the completed 
organ will be filled with the fluid, 
the instrument-maker closes the two 
drill holes at the base of the spiral 
tube with membranes. These two 
holes are known as the two windows, 
the oval and the round. The third 
auditory ossicle, the stapes, is at- 
tached 10 the outer surface of the 
membrane covering the oval win- 
dow, thus transferring to the lymph 
of the inner ear the sound vibrations 
that strike the drum [Fig. 356 and 
Fig 344 (d)]. 

The Cochlea Resonating 

Piano. If the cochlea which has 
been constructed before our eyes is 
regarded as a musical instrument, 
it is seen to bear the greatest simi- 
larity to a grand piano. Our auditory 
apparatus is an auditory piano. 
Since it is not played directly, but 
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resonates ' like a . radio apparatus 
.when it receives appropriate waves 
from the external world, it is a 

resonating piano. 

A person sits down at a piano ana 

strikes the concert pitch A. The A 
string vibrates 435 per second 

and consequently sends 435 wave im- 
pulses that impinge on the eardrum. 

A Human Piano 

These waves are passed by the 
auditory ossicles to the oval window 
and by the latter to the lyrapli in tire 
cochlea, where they set into vibra- 
tion that group of strings among the 
24,000 of the auditory piano which 
because of their length and tension 
oscillate with the same vibration 
rate [Fig. 367]. If the player strikes 
a chord consisting of three tones, 
three groups of strings vibrate in the 
auditory piano; and if he plays a 
Beethoven sonata, the strings in the 
auditory piano of his ear vibrate in 
the same order as those in the con- 
cert piano. A person sitting at a 
piano plays not one, but two instru- 
ments, the large wave-producing 
piano before him, and the small 
wave-receiving piano within himself. 
It may well be said that a piano is 
an apparatus constructed by man in 
order to set the strings of the audi- 
tory piano in the ear vibrating ac- 
cording to continual variations ol 
tone. 

Extremes of Tone 

Capabiliiies and Defects ^ of the 
Auditory Piano. A grand piano has 
a range of 7 to 7| octaves. The key- 
board^ of the CGGhlea extends one 
octave deeper and four octaves 
higher. The longest and thickest 
strings at the top of tlie cochlea 
vibrate at the rate of sixteen oscilla- 
tions per second, while the vibration 




Fig. 367. The auditory piano is finished at last! Now it only remains for us to try it 
out, We sit do wn at the keyboard of a real piano, strike the common chord of D major — 
D, F sharp. A, D—and observe the auditory piano. Within it, in accordance with 
the law of resonance, vibrate strings of the same pitch as those in the real piano. 


rate of the shortest and most delicate 
strings at the base of the cochlea is 
twenty thousand per second. Ani- 
inals in which different parts of the 
cochlea ha\’e been destroyed give 
evidence of deafness to high notes 
when the short strings are damaged, 
deafness to low notes when the long 
strings are removed. If individual 
groups of strings are destroyed, is- 
lands of deafness appear, just as 
tone gaps appear in a piano from 
which certain strings have been re- 
moved. If the natural vibratory 
period of the strings is changed,, 
owing either to stretching or to in- 
liarnmation, as occurs in certain dis- 


eases, then the auditory piano is out 
of tune. Should this occur unilater- 
ally, so that one ear hears tones nor- 
mally while the other perceives them 
a half tone lower, it produces dis- 
sonances that are just as unpleasant 
as if in a violin duet the instruments 
were differently tuned. 

The auditory faculty is most 
highly developed in early youth and 
declines . from' decade to decade. A 
child hears 20,000 vibrations per 
second; at the age of thirty, one can 
hear only 15,000 vibrations, while a 
person of fifty cannot detect sounds 
that have a natural period of more 
than 13,000 vibrations a second. 
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OBJECT-GLASS OF THE EYE 

The lens of an eye — woven from many layers oj cellular fibres. 
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The Eye 

THE EYE— A CAMERA. THE ' CORNEA. TEARS. ASTIGMATISM. ' , THE 
LENS. ACCOMMODATION. CATARACT. THE IRIS. THE PUPIL. . EYE 
COLOUR. THE RETINA. VISUAL ACUITY. THE VISUAL PURPLE. 
ADAPTATION TO DARK. THE OPTIC DISK. THE BLIND SPOT. SINGLE 
AND DOUBLE VISION. THE MUSCLES THAT MOVE THE EYES. THE 


NERVOUS APPARATUS 

A PERSON playing a piano is 
actually playing two pianos. 
The one is the instrument standing 
before him, the other that which he 
has in his ear, the strings of which 
vibrate in sympathy with the strings 
in the piano. A person who looks 
at the world through a camera is 
looking through two apparatuses: 
the one which he holds in his hands, 
and the other situated in his head 
in the form of the eye [Fig. 369]. 

The camera (I) apprehends a pic- 
ture of the external world by means 
of a lens (b) and projects it on the 
posterior wall of a box with black 
walls (c). Here it impinges on a 
sensitized plate (d), which reacts to 
light, thus fixing the image. In 
order to obtain a clearly focused and 
well-illuminated picture at ail times 
without having to consider the 
changing conditions of the external 
environment, the lens is equipped 
with a diaphragm which contracts 
the lens aperture as required (a). 

Tlie Hiinsan' Camera 

The image apprehended by the 
camera enters the eye (II), which, 
remarkably enough, is constructed 
like the camera. Anteriorly it pos- 
sesses a diaphragm which regulates 
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the lens aperture (a), and behind 
the diaphragm is the lens (b). At 
the back of the lens is a space (c) the 
wall of which is formed by a sensi- 
tized layer, the retina (d). One can 
take photographs with the eye just 
as with a camera. Figure 37 u shows 
the image of a house as it appears on 
the retina of an eye, where it was 
photographed. 

Giant Eyes 

The Eyeball. The eyeball is the 
term used to describe the eye in its 
totality, as one sees it for instance 
when it is removed from the head of 
a slaughtered animal. The smaller 
an animal, the larger are its eyes in 
relation to its total weight. In a 
newborn child the weight of an eye 

loW total body weight, while 

in an adult it is only The size 
of the eyes also depends on the -needs 
of the particular animal species. The 
weight of a moorhens eye is of 
the body weight, while that of the 
kestrel, Avhich must espy its prey 
from great heights, is ^ of the total 
weight. Among cuttlefishes one finds 
eyes having a diameter of i qi inches. 
These eyes are twice as large as this 
page, and in some species the eyes 
account for one quarter of the 
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total weigiit of the animars body. 

The Ocular Fluid. The eyeball 
is kept tense by its ocular-fluid coii- 
tent; by means of an ingenious sys- 
tem of valves the fluid is maintained 
under positive pressure. If the eye 
is pierced, the fluid flows out and 
the eye collapses like a burst balloon. 
This does not mean, however, that 
the eye is lost. If the opening 
closes, the fluid collects once more, 
and the balloon fills up again. 

“ Safety Glass 

The Cornea. On examining the 
clear anterior surface of the eye, the 
cornea, one is inclined to assume 
that it lacks any structure. Actually, 
however, it consists of several dozen 
layers of epithelial cells. In its struc- 
ture it resembles the safety glass used 
in motor-cars, which is made by 
cementing together several layers of 
sheet glass. The cornea can be seen 
in cross-section in the foreground 
of Figure 372, and one recognizes 
that it consists of no less than five 
layers. The chief portion of the 
cornea is the middle layer, composed 
of a thick mass of fibrous connective 
tissue. The connective tissue con- 
sists of bundles of fibres arranged in 
layers, the direction of the fibres 
crossing one another at right angles 
in alternate layers. The anterior 
and posterior walls of the central 
la}er are each covered by a homo- 
geneous glassy membrane. Both the 
external and the internal surfaces of 
the cornea are covered by epithelial 
ceils. 

Undisturbed Vision 

The fact that the cornea contains 
so many elements and that we can 
see through it without being dis- 
turbed by them appears very aston- 
ishing at first. We know, however, 


that small spots on our eyeglasses 
do not disturb us because they are 
so close. Look at the dot over this 
i. If it is brought close to the eye, 
it vanishes at a certain distance. In 
the same way the fibres and cells of 
the cornea apparently vanish, be- 
cause owing to their proximity they 
do not project any disturbing image 
on the retina. 

The Lids—the WindscreeriATipers 
of the Eyes. The windscreen-wiper 
of a motor-car is certainly a prac- 
tical invention, but it is not new. 
Several hundred million )ears ago 
nature constructed a windscreen- 
wiper for the windscreen of the eye 
[Figs. 373 and 374]. It is by no 
means true that the models of nature 
in every case surpass the creations of 
our technology, as habitual glorifiers 
of nature are wont to announce to 
the world. 

An Imperfect Instrument 

The human eye, in particular, 
when considered as an optical instru- 
ment, exhibits such a large number 
of imperfections that Helmholtz, the 
greatest authority of the nineteenth 
century on the eye, said that if an 
optical instrument-maker were to 
offer him the eye as an optical ap- 
paratus, he would reject it and pro- 
test vehemently against the careless- 
ness of its construction. As regards 
the windscreen-wiper, however, that 
of the eye is undoubtedly the best 
model used at present and it would 
be more of a pleasure to drive a 
motor-car in bad weather if the car 
were equipped with a device which 
performed its function as efficiently 
as do the lids. 

The lids are folds of skin strength- 
ened by plates of fibrous tissue and 
can be raised and lowered like stage 
curtains by means of muscles. The 
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curtain moves so' rapidly .that ; it in, 
no way disturbs the enjoynient of 
the play. Like the windscreen-wiper 
oi a car, they move automatically at 
six-second intervals, so that during 
life they are pulled back and forth 
approximately two hundred and 
lihy million times. 

77/c Eyelashes and the Evehroivs. 
At its free edge each lid has a row 


tats. Above the lashes are the eye- 
brows, which represent the eaves of 
the human bodv. liiey carry off 
laterally any rain or perspiration 
which runs doxvn from the forehead 
so that the drops will not run into 
the eyes. 

The eyelids also perform the func- 
tion of automatic lubricators and 
irrigators. Lubrication of the cornea 



Fig, 369. A camera and a human eye are remarkably alike in their construction, and 
the principles upon which they operate are also similar. In both devices an image of 
the external world is brought to a focus by means of a lens (b), and projected upon 
a screen (d) which is sensitive to the influence of light. 


of short curved hairs, the eyelashes. 
'Fhey function as dust-catchers, and 
may l)e regarded as a natural model 
of the cow-catchers with which loco- 
molives are equipped for traversing 
caitie-raising regions. When one 
passes through a swatrm of mos- 
(juiiocs, I h rough rain, hail, or a 
sandstorm, the eyes are partly closed 
autoinaticaiiv, and the dust-catchers 
begin to function. Gnus and 
camels have the strongest eyelashes 
because tliey are exposed to sand- 
storms on the high plateaus and 
in the deserts of their native habi- 


is performed by sebaceous glands, 
irrigation by the tear glands. Open- 
ing along the edge of each lid are 
fi'om tw^enty to thirty minute sebace- 
ous glands, called the Meibomian 
follicles. They terminate between 
the lashes and are compressed every 
time the lids close. The sebaceous 
secretion lubricates the edge of the 
lid and the lashes so that they will 
not become dry and brittle. When 
the mucous membrane of the lids 
is inflamed, the secretion of the 
glands is abnormally abundant and 
appears as yellow matter along the 



Fig 370. The outer world is reflected in 
the eye just as it is in this silver ball. 

edo-es of the lids, where it dries dur- 
ing the night, causing the lids to be 
stuck together in the morning^ 

Tears. Each eye has a lachtyma 
apparatus consisting of the tear 
o-land, situated over the outer cornei 
of the eye, the ducts which can) 
its secretion, the tears, to the upper 
evelid, and the canals by which the 
tears are carried off from the front 
of the eye without running down 

over the face. . ,, 

Every time the “windscreen-wiper 
of the eve moves, it exerts suction on 
the openings of the tear ducts and 
withdraw's some fluid from -the tear 
o-land, which irrigates the cornea 
and prevents it from drying up. A 
person cries not only when he is 
conscious of it, but all day long every 
time he blinks. Everyone knows 
that tears begin to flow when people 
lauo’h a great deal, because the spas- 
tically contracted muscles compress 
the glands. We laugh with tears. 
If the tear glands are removed. 


A professor once shouted at his 

crying wife; “Oh! Stop crying-it s 

^ . P 1 . -1 .wvl car 


nothin? but physiological salt solu- 
tion, anyway!” This is not true, 
however, for tears contain vaiious 
valuable substances, among them a 
bactericidal substance which pre- 
vents the development of bacteiia 

in the tear fluid. _ 

Crying. All higher animals pro- 
duce tear fluid to irrigate the cornea, 
but only man cries as an expression 
of emotional disturbance. Only a 
thinking and emotionally sensitive 
person cries. An infant yeils, but it 
does not cry. Children cry 
they learn to think and to feel. Ci’y- 
^ with 


ing is a 

speech; it is a substitute tor speech, 
a protective mechanism whereby a 
speaking individual can still express 
his feelings even though he may be 
prevented from speaking-. People, 
especially women and children, cry 
when they are unable to make them- 
selves heard or to obtain justice with 
the weapons of speech and thought. 
When it has achieved nothing by 
means of logic, a speaking creature 
appeals to sympathy by crying. Cry- 


process connected 


the eye 

the cornea dries up and soon be- 
comes “ blind ” and 
individual loses his vision, ^ 

fluid flows over the cornea and then 
along the edges of the hds to the 
inner corner of the eye. Here it is 
drained off by two tear canals, one 
of which opens by ^ 
each lachrymal papilla. The aper 
ture of the lower canal can be seen 
readily by examining the eye with a 
mirror. The tear canals run inwards 
and open into the tear sac, from 
which the nasal duct proceeds to 
open into the nasal chamber, undei- 
ncath the inferior turbinate. 
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;ing is a, refl,ex wiiich lias extended.', 
its field of action from the piiysiolo- 
gical to the moral realm— -it is a new 
phenomenon in the developmental 
history of life. 

AstigmaHsm. The cornea is not 
fashioned with mathematical pi'e- 
cisioii like a photographic lens. The 
cornea is two per cent flatter in its 
horizontal than in its vertical dia- 
meter. Since the vertical diameter 
is most curved, the rays proceeding 
from the vertical line of a cross will 
be brought to a focus sooner than 
those on a horizontal line. If the 
eye is accommodated to see the ver- 
tical line distinctly, it will see the 
horizontal line indistinctly and vice 
versa. This weakness is called astig- 
matism, because the eye is unable to 
focus a number of points, or stig- 
mata, distinctly at the same time. 
Figures 375 and 37(3 are two draw- 
ings by means of which one can de- 
termine to what degree one is astig- 
matic. A person whose cornea is 
equally curved in all directions sees 
all parts of the circular lines of Fig- 
ure 375 with equal distinctness. If 
the curvatures of difi'erent diameters 
vary, the lines in one sector will ap- 
pear grey and hazy while others will 
be sharply focused. If the book is 
moved back and forth the indistinct 
portions are shifted and the image 
flickers. 

A Normal Defect 

Approximately ninety per cent of 
all human beings have a slight “ nor- 
mal ” or, as it is called, physiological 
astigmatism. If the degree of varia- 
tion between the diameters is so 
great that the elfort to correct the 
condition produces eye strain (head- 
aches!) or indistinct vision, it be- 
comes necessary to wear glasses 
which are curved more in one plane 


than in another, so as to correct the 

defect of the cornea. 

The Lens. If one obtains an eye 
of a rabbit or a hare and removes 
the lens, one has a faithful replica of 
a human lens. The dimensions of 
the lens vary with age, increasing 
as the individual grows older. In 
early adult life the lens is about o.^yj 
inch wide and 0.16 inch thick, and 
resembles the magnifying glasses 
that we use. 

Cells and Fibres 

And now let us take the eye ol 
an ox, which has a lens eight times 
as large, allowing its structure to be 
more easily studied. The lens is 
covered by a transparent capsule, the 
inner surface of which is lined with 
cells [Fig. 368 (a)]. At the anterioi 
pole of the lens the cells are flat (b); 
the closer one comes to the lateral 
edge, the longer become the cells. 
They become elongated fibres that 
penetrate the interior of the lens, 
describing arcs in the process (c). 
The ends of the fibres meet with 
those of the opposite side in three 
sutures, forming a Y-figure on the an- 
terior as well as on the posterior 
surfaces (d). The Y of the anterior 



Fig. 371. A photograph of an eye on 
the retina of which a house is reflected. 
Compare this picture with Fig. 370, 


THE EYE 



surface is in an erect position, while 
ihe figure on the posterior surface 
is inverted, v 

/i ccomrnodation. Anyone who has 
occupied himself, even if only super- 
ficialiy, with photography knows the 
concept of focusing. If an object 
approaches too close to the camera, 
the reduced optical image formed 
by the lens is projected so far back- 
ward that it falls behind the photo- 
graphic plate. Consequently, in 
order to receive the image the plate 
must be pushed backward, or, what 
anioiints to the same thing, the lens 
must be advanced forward. 

Focusing the Eye 

Instead of increasing the dis- 
tance between the lens and the plate, 
one can achieve the same result by 
another method. A lens is placed 
in front of the camera lens, -thus in- 
creasing its refractive power to such 
a degree that the image formed falls 
upon the plate. In science the ad- 
justment of the position of the eye 
for looking at objects at different 
near distances is called accommoda- 
tion. There are eyes, among mol- 
luscs, for example, that accomplish 
this by elongating the eyeball, just 
as one pulls out the bellows of a 
camera; in other cases, as in fishes, 
the lens is moved back and forth by 
contraction and relaxation of an 
intra-ocular muscle attached to it. 
Accommodation in the mammalian 
eye is dependent upon the elastic 
properties of the lens. The lens in- 
creases the curvature of its surfaces 
and particularly of its anterior sur- 
face when the eye accommodates for 
vision of near objects. 

Tlic lens is surrounded by a strong 
and highly elastic capsule upon 
which it depends for the mainten- 
ance of its shape. By means of this 


capsule it is supported from a circii- 
lar muscle called the ciliary body 
by a suspensory ligament [Fig. 

(b); Fig. 378 (c)]. The ciliary body 
girdles the lens iike a ring of Saturn 
and is the accommodation muscle 
[Fig. 372 (a); Fig, 378 (h)]. In the 
resting eye the fibres of this muscle 
ring are relaxed and the suspensory 
ligament is taut, thus flattening the 
surfaces of the lens, especially the 
anterior surface, since the ligament 
is attached a little in front of the 
edge [Fig. 378 (I)]. Distant images 
are then projected on the retina. If 
an object approaches closer to the 
eye than about eighteen feet, the 
image falls behind the retina. In 
order to push it forward, we accom- 
modate. The ring muscle contracts 
and comes closer to the lens, the sus- 
pensory ligament slackens, and the 
elastic lens, relieved of this pull, fol- 
lows its natural elasticity and bulges 
forward in the centre. The image 
which was behind the retina ad- 
vances and is now sharply focused 
upon the photosensitive cells of the 
retina (II). 

Distant and Near Vision 

Distant vision (I) is effortless be- 
cause the accommodation muscle is 
relaxed. For this reason we look 
up from our work when we wish to 
rest the eyes. Because of this fact 
we leave our close rooms that com- 
pel us to accommodate and go out 
into the open. It is also for the 
same reason that a holiday at tlie 
seaside or in the mountains, where 
we are not compelled to accornmo 
dale, is so restful. Near vision (II), 
as in reading, writing, sewing, de- 
mands accommodation and therefore 
produces a strain, dhe accommoda- 
tion muscle is one of the most active 
muscles of the body and at the same 
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Fig 372 A view into the human eye: (a) the accommodation nn 
and relaxes the ligaments; (b) of the lens; (c) the longitudinal fibres 
dilate the pupil when they contract; (d) the circular fibres, which decrea 
pupil when they contract. Beneath the tris is the lens; above it is the dot 

lime a precision instrument. It is cases o£ muscular £al 
consequentlv very sensitive, and ourselves togethei, p 
there is no better way of deternun- modation muscle 
ing slight degrees of fatigue than by again and are once 
testing the accommodation. When read for a time, 
one grows tired while reading, the Some Accommod 
line,s become indistinct and begin to merits. Stretch out o 
merge because the tension of the ac- your ey^ ^ 

conmodation muscle relaxes and the huger. Even ith a 

niciure slides behind the retina, so act requires an effor 
lo speak, as in a camera where the -be maintained very 
Vi .o. i. defective. Then, as in all fingertip approaches 
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of the nose, the lens must relax more rest, objects on the outside are seen 
and more in order to obtain a dis- distinctly while any spots on the 
linct imao-e; that is, the accommo- window-pane or the patterns of a 
elation muscle contracts more and lace curtain are seen indistinctly 
more and we feel this effort. [Fig- 378 (I)]. Remove the gaze to 

Hold up this book and look be- the spots on the window or the pat- 
yond the upper corner of the page terns of the curtain. These will now 
into the distance. The eve is now , appear distinct, while the image of 



Fig. 373. The structure of the eyelids and the tear apparatus. At (a) are the lids, 
with their sebaceous glands; (b) is the tear gland, with the "'sieve'" through which the 
tear fluid drips on to the eyeball; in the inner corner of the eyelids can be seen the two 
minute openings leading into the tear canal (c) and the tear sac (d), through which 
the tear fluid passes into the nose. The orbital fat (e) acts as a cushion for the 
eyeball as it rotates; the ocular muscles (f) move the eyeball and the eyelids. 


relaxed and accommodated for dis- 
tant vision. The page number is 
indistinct. Now switch your atten- 
tion to the page number; that is, 
put, the accommodation muscle un- 
der tension. This requires a dis- 
tinct effort. Such a rapid change 
cannot be carried out more than a 
dozen times in succession without 
the eyes beginning to feel tired. 

, Sit down at a window and look 
out. If the eyes are permitted to 


the outer world becomes hazy (II), 
since the camera, which is your eye, 
is now focused for near vision. 

The Range and Amplitude of Ac- 
commodation. In the course of a 
lifetime, with advancing age, the 
lens loses its elasticity. The luuuan 
eye is a camera udiose ability to take 
photographs at close range decreases 
from year to year. For a child of 
six the near point — that is, the 
nearest point which the eye can see 
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clearly— is situated at ^.4 inches dis- 
tant. At the age of thirty the near 
point has receded to 4 inches, at 
forty to 6 inches, and at fifty to 10 
inches. The lens of. a septuagenarian 
is hard and inelastic, and the near 
point has receded so far that the in- 
dividual is no longer able to see 
things clearly at a practicable read- 
ing or working distance. When the 
condition has progressed to this stage 
it is termed presbyopia (from the 
Greek words presbus, old man; ops, 
the eye). 

Presbyopia. As mentioned above, 
the lens grows harder with increas- 
ing age. Finally, the increasing 
hardness of the lens begins to pre- 
vent alterations of its curvature, so 
that the power of accommodation 
gradually diminishes. When the 
stage is reached where accommoda- 
tion becomes impossible and the 
near point recedes to an impractic- 
able distance, the presbyopic person 
must correct this condition by wear- 
ing lenses (glasses) which will per- 
form the work of the accommoda- 
tion mechanism and make possible 
near vision. 

Types of Defective Vision 

Hyperopia (Far - Sightedness). 
Three people are waiting for a bus 
marked S [Fig. 377]. A has a nor- 
mal eye, B an eye that is too short, 
and C an eye which is too long. In 
the case of A, the retina (area with 
light shading) is situated within the 
intermediate space created by draw- 
ing the four parallel lines in Figure 
377, while the retinas of B and C 
are in the anterior and posterior 
spaces respectively. In (I) a bus ap- 
pears in the distance. The normal 
eye of A is so constructed that the 
parallel rays of light coming from 
the distance will unite to form an 


image on the retina when the lens 
is relaxed. He sees the S at a dis- 
tance of about 200 feet without ac- 
commodating. The eye of B is too 
short, so that the optical image of 
the S is formed behind the retina. 
In order to focus it on the retina, 
he contracts the accommodation 
muscle. The lens increases its curva- 
ture, and the S moves forward on 
to the retina (in the direction of the 
arrow), so that B now perceives it 
quite distinctly. 

Continual Adjustment 

The condition in which the 
eye is relatively too short is called 
hyperopia, or commonly far-sighted- 
ness. Such a person can generally 
see distant objects satisfactorily, but 
he must accommodate strongly in 
order to focus on the retina the im- 
age which is located behind his ex- 
cessively short eye. The eye of the 
hyperopic person is an eye which is 
never at rest, but which must always 
accommodate even for distant vision. 
In order to rest his eye and to see 
distant objects without any exertion, 
the hyperopic person must wear 
glasses that will correct this refrac- 
tive defect. 

Myopia (Near-Sightedness), C has 
an eye which is too long. Conse- 
quently the S is focused in front of 
his retina and appears indistinct. C 
is near-sighted, or myopic. A myopic 
person is one who is unable to see 
distant objects distinctly because of 
the excessive length of his eyeball. 
What can he do to focus the S on 
his retina? Nothing. Because if he 
accommodates, the image will move 
even farther forwards. The human 
eye has no mechanism to move opti- 
cal images backwards, but this ob- 
ject can be attained by putting a 
bi-concave lens in front of the eye, so 
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ihal ihe S moves backwai'ds in the date. For near vision die myopic 
direction indicated by the arrow, individual has an advantage not only 
Ifi (il) the bus has come closer and over the hyperope, but also over a 
the S in the e\es of the waiting in- person with nornial vision. In c)rder 
tiividiials moves back (from the in- to read this book an individual with 
termed iate to the posterior space), normal eyes must accomniodate and 
A, who has normal vision, accom- consequently becomes fatigued after 
modates and the image passes from a tvhile. The myope, however, reads 
the posterior to the intermediate without accommodating and witli- 
spacc and is focused upon the retina, out becoming fatigued, just as a per- 



Fig. 374. The tear glands and eyelid moisten and wipe the eyeball continually- 


as if the windscreen-wiper of a motor-car were combined with an automatic water spray. 

The Inperopic B does the same, but son with normal vision can look into 
his eye is too short. Even with the the distance without tiring, because 
greatest amount of accommodation at this visual distance his eye is at 
he is unable to focus the image upon rest. In all fields where visual work 
the retina. He is unable to read the and delicate manipulations are re- 
sign S when it is near and must place quired the moderately near-sighted 
a magnifying lens in front of his person is a superior rather than an 
e\e. However, in the excessively inferior type. He does lack, how- 
long eye of the myopic C the image ever, the clirect pleasure of distant 
ol the S moves backward as the bus vision. Until the introduction of 
comes nearer until it is focused upon spectacles about a.d. 1300 near- 
the retina. Without accommodating sighted people were cripples. Mil- 
lie sees the S distinctly. A person lions of people lived who never saw 
with normal eyes must accommodate clouds, stars, mountains, or birds of 
for near vision. A far-sighted person passage. Not until the discovery of 
is unable to see near objects even glass by the Phamicians, and of the 
when lie accommodates strongly. A craft of lens-grinding many liundreds 
near-sigiued person sees things near of years later, was it possible to cor- 
him without having to accommo- rect visual disability and to convert 
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semi-blind invalids into iisefui mem- 
bers of human society. 

Cafaract. In some individuals 
the lens becomes opaque as they 
i>To\v older, oivina: rise to the coiidi- 
lion known as cataract, llie pupil 
no longer appears black, l)ut is grey, 
lliis opacity of the lens is the con- 
se(|uence of coagulation of the lens 
substance. The protein of the lens 
takes on a miikv-wiiite colour, just 
:is eg'g-whitc does when it is boiled. 
Cloncussion, lightning stroke, occu- 
pation (e.g., gl a ss-bioVv'er*s cataract), 
poisons such as naphthol, and various 
diseases (e.g., diabetes) favour the 
onset of cataract. The removal of 
the opaque lens is one of the oldest 
surgical operations, and is mentioned 
in the famous Ebers papyrus of an- 
cient Egypt. In order to compen- 
sate for the loss of the lens, the affec- 
ted individual must wear a magnify- 
ing glass of similar refractive power. 

The Viiyeous Body. The vitreous 
])ody is a clear transparent colloid 
of semi-solid consistency hi ling the 
chamber of the eyeball behind the 
lens, it contains small opaque bodies 


Fig. 375. Are you astigmatic? (1) . Take 
this book in both hands, shake it in different 
directions and then move it in small circles. 
If a fan-shaped figure moves over the 
picture, you are astigmatic— a condition 
which is rather normal than otherwise* 


causing the phenomenon known as 
'‘rnoiiches volmites'' (“flying mos- 
quitoes”) [Fig. g 79 ]. If the head is 
raised and one looks at tlic sky, one 
sees what appear to be minute 
bodies floating in s}>ace outside the 
eye. However, they change their 


Fig. 376. Are you astigmatic? (ll). Look at this picture with your eyes partially 
closed. Shake the book in different directions and then move it in small circles. If 
while you are doing this, some parts of the picture appear black and other parts grey, 
then your cornea has an uneven curvature — it is astigmatic. 

M S F. — S 
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position when the position of the 
eye changes, by ^vhich fact their 
origin in the eye may be recognized. 

The Iris. The posterior part of 
the inner surface of the eyeball is 
covered by the photosensitive layer, 
the retina, together with its acces- 
sory membranes, the pigment layer 
and the vascular tunic, or choroid. 
The retina encloses about three- 
quarters of the vitreous body. An- 
teriorly, liowever, the retina separ- 
ates from it, giving rise to a free 
space, the anterior chamber. Here 
the retina ends in a free border, 
which because of its colouring is 
called the iris (or rainbow). At- 
tached to the anterior surface of the 
ciliary body, it forms an extremely 
delicate diaphragm, stretching across 


the anterior part of the eye and pro- 
vided with a circular opening, the 
pupil [Fig. 375 and Fig. 380]. 

The iris is the diaphragm of the 
ocular camera. The pupillary bor- 
der of the iris is encircled by an 
annular band of muscle fibres, called 
the sphincter [Fig. 37^1 (d)]. Its posi- 
tion is analogous to that of the huh 
of a wheel. Other muscle fibres are 
arranged radially like the spokes of 
a wheel (c). When the ring fibres 
(d) contract, the pupil becomes 
smaller; when the spokes (c) become 
shorter, the pupil dilates. The 
muscle fibres of the iris are the only 
ones- among all the muscles of the 
body that are directly photosensitive. 
Among the lower vertebrates the iris, 
when isolated by removal from the 



Fig. 377. (1) Of these three men waiting for a bus, A has a normal eye, B an eye 

that is too short (far-sighted) and C an eye that is too long (near-sighted). Without 
any ocular adjustment, A sees the letter on the bus distinctly when it is 200 feet 
away. With B, the image falls behind the retina, and he must accommodate in order 
to focus it upon the latter. In Cs eye the image is formed in front of the retina, and 
he cannot see the bus distinctly without the aid of glasses. When the bus comes close 
(II), A sees it clearly, as also does C, but B requires spectacles in order to do so. 
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Fig. 378, This illustration shows how the eye is automatically adjusted for mar and 
distant vision. The cornea, or outer envelope of the eye is shown at (a); (b) is the 
ciliary body, or muscle of accommodation, which girdles the lens; ( c) is the 
suspensory ligament, which joins the lens to the ciliary body; (d) is the lens. 
At the hack of the eye is the retina. The statue on the left is situated 
immediately behind a net curtain. At ( 1) H’e see the adjustment of the lens 
for distant vision. The circular muscle (b) is relaxed. The supporting fibres (c) are 
tense and they pull on the lens (d) so that it is flattened. The jlat lens provides sharply 
defined images of distant objects: therefore, the image of the statue falls upon the 
retina and is seen clearly. However, the image of the curtain, which is nearer to the 
eye, falls behind the retina and appears blurred. At (H) h’c* sec the lens as it appears 
when ‘''aecommodated'ffbr near vision. The circular muscle of the eye has contracted, 
allowing the support i mi: fibres of the lens to relax. Accordingly, the natural elasticity 
of the lens causes it to hcc\>me thicker and more curved. Owing to the increascil curvature 
of the lens, images are not projected so far back in the eye, and therefore the image 
if the statue is Joctised now in front of the retina— instead of exactly upon it— and 
becomes blurred. But the image of the cur tain falls upon the retina and is seen clearlv 
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!>(.)d\- of the animal, still contracts on 
exposure to ligiu. In the higher 
mauimals this direct reaction is re- 
placed by a .reflex. The stimulus 
travels over complex paths deep into 
the brain and returns to the muscle 
hbres by ^vay ol special nerve tracts 
[Fig. 40;;]. Stand in front of a dimly 
iliiiminated mirror and flash a light 
into \'()ur eye, or place a person in 
a bright light,, cover his eyes, and 
then suddenly let the light fall upon 
the opened eyes. In each case one 
observes the conti'action of the pupil 
when light falls upon it. Since the 
path of the reflex is quite complex, 
it takes about a second for the reac- 
tion to appear. Amateurs who take 
flashlight photogTa}:)hs of people 
usually make the mistake of letting 
the flashlight go off in a darkened 
room. Because of accommodation 
to darkness, the pupils of the people 



Fig. 379. ‘7 

spots in front 
7/ my eyesT 
On raising the 
and look- 
at the sky 
seems to 
see irregularly- 
shaped bodie sot- 
spot s, which 
float or dance 
in space outside 
the eye. These 
cing spots 
really due to 
the presence of 
opaque particles 
within the trans- 
parent vitreous 
body of the eye. 


being photographed arc dilated, and 
since they react slowb to light, tlic\ 
are open at the moincnl when the 
flashlight picture is taken. As a re- 
sult, in the photograplv (lie eyes a|)- 
pear wide open as if: the individuals 
were verv surprised. Bclorc letting 
the flashlight go oh, the light in lltc 
room sii ( ) Li 1 d be lit so that, the p(.‘o | > 1 c 
in it will be photographed witii nor^ 
inally narrowed pu|>ils. Ihe htnmni 
eye has an advantage over a, canuna 
in that it is e(|uip|)cd with an anto- 
matically functioning diaphragm. 

Protective Device 

Owing to its sensitivity to light, 
the iris protects the retina against 
excessive exposure to liglit, pciiti it- 
ting only the amount of light re- 
quired at the particular moment. If 
it is light outside, the pupil con- 
tracts; if it is dark, the pupil dilates 
so as to permit tiie eye to ,re(ci\e 
more light. Besides, as every amateur 
photographer knows, an optical im- 
age can be more shar}>iy ddined by 
screening oil’ the edges of the letis. 
In order to examine .something with 
our eyes, we screen the lens as far as 
possible; we lower the lids and l>litik, 
or hold a hand over the eyes to shut 
out some ol: the light, or if the light 
dazzles us, we may even look through 
the narrow spaces between the 
fingers. 

Bring your eyes as close to this 
page as you can until the let tci^ 
become indistinct. Now put \our 
hand bclwccti the letters ami soui 
eyes, leaving narrow spaces belwt'cn 
the fingers, and look at the IdUus 
through these spaces. By tneans ol 
the screen created in this manner 
the letters again take on a (list inn 
form. Persons with poor vision do 
not open llieir eyes verv wide in 
order to see more, as one might ex- 
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appararMs^^.;Xv\ 


v.>\, Sekra 

ii-- Pigmaii^l^lf 


S';'.'-^Vifr«oas Body 




Fig. 380. A diagrammatic view of a section through the human nv. Note the 
wide extent of the retina, embracing nearly three-quarters of the vitreous body. 


]>cci, but on the contrary they nar- 
row tiiem and blink because screen- 
ing- ena,f)les one to see more clearly, 
rile sdentilic term for near-sighted- 
ness, Hjyopia, is dej'ived from the 
(ireek word muo, “ I ck>se,” and ops,, 
” I he c\e,'’ and refers to the habit 
near sighted people develop of half- 
dosing the lids in order to see more 
deaiiv. I'he combined lenses used 
in modern photographic :ippara- 
tuses. the doiif)le anastigmatic types, 
etc., are lar su]')erior to the natural 
products, and th,e inlitience of screen- 
ing is no longer so striking. FIow- 
ever, if one takes a sim|>le aplanatic 
lens, the \alue of screening becomes 
appareitl. After dropping atropine 
into the eye tlie iris muscle is para*. 


lysed, the pnpil is dilated, and the 
individiiars vision is blurred, as 
shown in Figure g8cn 

The Pupil, ilie dilatation of the 
pupil is eflccted by fibres ol' the sym- 
pathetic: svstem, its contraction bv 
vagus filu'cs. F.verything whidi ex- 
cites the sy!n})atlietic: systetii (joy, 
passion, sex excitement) dilates the 
pupil; anything that stimulates the 
vagus (fear, tuelancholv, \exaiion) 
.contracts it. ■ 

Nicotine and TTior|)lnne ccmtract 
the pupil l)ecause thev paralyse the 
sympathetic, and it is these pitj])oinf 
pupils that betray tlje moijdiine ad- 
dict to the <lo< (or from whom he is 
trying to obtain a prest i iption h\ 
means of some iriimpecFup story, 
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Atropine dilates the pupil (ten fleeted from the deep pigmented por- 
minutes after instillation— a half- tion appears blue, in the same way 

as does the sky or the veins iniraedi- 


hour after administration by month), 
m-g of a gTamme sufficing to pro- 
duce a definite dilatation. Scopola- 
mine, the poison of the solanaceous 
or nightshade plants, exerts an effect 
five times more powerful. 

Absent Reflex , 

Pupillary Paralysis. In the dis- 
ease known as tabes dorsalis, as well 
as in various other diseases of the 
nervous system, the pupillary reflex 
disappears, giving rise to a fixed 
pupil, which neither dilates in the 
dark nor contracts when light falls 
upon it. 

Eye Colour. In order to increase 
its protection against light, the fibres 
of the iris are pigmented. The pos- 
terior portion of the iris is heavily 
pigmented, while the anterior por- 
tion, at least in the white races of 
mankind, is relatively free from pig- 
ment at birth. As this latter por- 
tion is very transparent, and absorbs 
the long red and yellow light waves 
as they pass through it, the light re- 



Fig. 381. Blood vessels of the eye. Since 
the eye is a very active organ — and^ being 
exposed, must also be protected against 
cold~it has a plentiful blood supply. 


ately under a delicately transparent 
skin. If pigment does not develop 
subsequently in the anterior portion, 
the iris retains a blue colour through 
adult life. On the other hand, if 
much pigment develops in the an- 
terior portion, the iris becomes 
brown. The pigment is yellow, or 
of lighter or darker brown. 

The Retina. The camera obscura 
of the eye is lined with a photosen- 
sitive layer, the retina. The term is 
derived from the Latin word rete, 
meaning a net, because the retina ap- 
pears to enclose the vitreous body, 
just as a net encloses the catch. 
jFigure 383 is a diagrammatic repre- 
sentation of its structure, while 
Figure 385 gives a detailed view of 
the monumental structure of this 
light-wave apparatus. 

Nerves of Seeing 

Viewed anatomically, the retina is 
an advanced part of the brain and 
consequently exhibits a corresj^ond- 
ing structure [Fig. 383]. It consists 
of nerve fibres that emerge from the 
depths of the brain in a b undie, the 
optic nerve, and end in a s\stem of 
neurons, (1) to (5), connected in 
series. The first neuron is the cell 
of the optic-nerve fibre (i). This 
is followed by short iiiternuncial 
cells (2), and these in turn arc con- 
nected to" cone-shaped nerve cells, 
called cones (3). Or the optic nerve 
ceils (1) are connected to long inter- 
nuncial cells (4) and these again to 
rod-shaped nerve cells, the rods of 
the ^retina (5). The rods and cones 
are the actual photosensitive ele 
ments of the retina, the visual ceils. 
They are shaped like rnatchsticks, 
and one can find no better model of 
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F'IG. 382. J7?e iris diaphragm of a camera (a) and that of the 6*^'^ (b) are similar in 
.stnwtare and perform a similar function— that is\ to dilate and contract the opening 
of . the lens. At (c) is a photograph (Left) taken with the diaphragm of the camera in 
use and (Right) a photograph taken without the diaphragm, 

the retina ihan a full inalchbox. Im- next to l.)Iood cells aiui sperm 

ai>ine a table covered with uprit^iit cells, they are the smallest in 

mat(hl)()xes, so that tlie tips ol' the the body, in the retina, jtist as in 

matches point upwards, ami one has a full matchbox, as many individual 

a picture of the retina uuignihcd a units as possil)]e are located next 

million times. to one another within a limited 

Piet arc Prfrodurtioji in the Eye, space; thus they provide as fine a 
in Pyinfi}ig, and in Television, It “ grain as possible for the recording' 
is naturally no accident that the re- of the picture. For the recc^ptiorji of 


tinal ceils assumed the form we have an image tlie eye uses the stime 


described, and are so small that, method as is employexi in printing 
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paratus of the animal kingdom, in 
the eyes of small l)ircls the visual eel Is 
are loin* times closer, in mice and 
rats ten times closer, than in luinian 
eyes, because small animals are gen- 
erally much nearer to the very simll 
objects the)' are concerned ^vitli, and 
consecjuently have to have hner 
vision than man, whose eyes are gen- 




Fig. 383 . A diagram of the retina. The million photosensitive cells ( 3 , 5 ) of the 
retina break down images of the external world into numerous point-images. Through 
the medium of internuncial cells ( 2 , 4 , 6 ), which are still obscure, the point-images 
give rise to electrical cw rents, which are sent by the large optic nerve cells ( 1 ) through 
the optic nerve tract into the brain. (Compare Figures 295 and 296 .) 


finer the holes of the sieve, the liner 
and more numerous are the image 
points, and the finer and more un- 
disturbed does the picture appear. 
In Figure ^^84 one sees the head of 
Nefertiti photographed through a 
coarse screen (25' dots per inch); the 
other pictures in this book are prin- 
ted with approximately 100 dots per 
inch. The eye, however, “prints’’ with 
j 8,750 points per inch. The entire 
retina contains approximately 50 
million points. The human eye is 
far from being the finest visual ap- 


eraiiy several leet Irom tlie object. 

Jlsnal Acidly. The lineness of 
the ocular screen is characteri/ed as 
its visual acuity. In order lor two 
separate points to be perceived, 
they must stimulate two \isual ele- 
ments that are separated by an un- 
slimulated one. In the human retina 
the distance between the points must 
exceed 0.003 niiliirnetre, and the 
minimum visual angle — that is. the 
.smallest angle which two ravs of 
light entering the eye may form in 
order that the points from wliich 
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they emaruite may be discriminated 
as separate — nmst not be smaller 
than I minute of arc — that is, 
of a right angle. This Tine limit 
suffices for the human eye, which 
sees objects at relatively great dis- 
tances. Look at Figure 384. Seen 
at arnTs length, the distance at 
which the picture was intended to 
be viewed, it appears to present a 
uniform surface. On bringing it 
closer to the eye, however, one recog' 
nizes that it consists of dots, the 
screen '‘grain.’' This “grain” is 
seen even more distinctly when a 
magnifying glass is used. Conversely., 
if the |)icture of Nefcniti, which is 
composed of coarse dots, is removed 
to a distance of about six feet, ihe 
dots will coalesce to form a uniform 
surface. Our |)icture of tlie world 
is com|)oscd ol' stich screen dots, 
which correspond to tlie tijis of tlie 
rods and cones distributed closely 
over tlie retina. 

Pictures Made of Dots 

Man and nature em|>l<)y what is 
substantially the same method for 
reproducing and [irinting pictures, 
in order to print a so-called “ luilf- 
tone ” picliire it is first of all photo- 
graphed through a “ screen,” per- 
forated with minute apertures like a 
line sie\'e. According to tiie amount 
of light and dark of the variou.s parts 
oi' the picture, larger or smaller dots 
are produced in the “ holes ” of the 
screen. The coarse dots coalesce, 
producing the dense pails of the pic- 
ture, while tiie smaller ones remain 
farther apart, producing the lighter 
parts of the picture, if these dots 
are printed so lighth that they 
merge, they mingle with the white 
of ilse paper, giving an appearance 
of graduated tones of grey. This 
effect can be obtained witii Figure 


384 by retnoving the picture to a 
distance of six or seven feet from 
the eyes. If ail the half-tone illus- 
trations in this book were magnified 
four times, they would all be seen to 
consist of white and black dots, like 
the head of Nefertiti in Figure 384. 

In the eye, the image tliat is pro- 
jected upon tlie retina by the lens is 
likewise broken up into tiny dots b)' 
the rods and cones of the retina, be- 
cause each cell responds to a single 
dot only, and that no larger than it- 
self. The total stimulus image is 
composed of cell points stimulated 
to a greater or less degree. Strongly 
stimulated cells transmit light im- 
pressions while weakly stimulated 
cells report dark im))ressi()ns. 'I he 
image impression in the visual sphere 



Fig. 384 . This picture is compihsed of 
dots; if has hceti photographed throufi a 
screetK Jii u similar maunei\ the rods a/nl 
canes of the retina "dv'eak up'" visual 
impressions into numerous tiny point 
stmmii, whieh are re-assemhfed in the 
brain and seen as a complete image. 




^ I- • 


Fig. 385 . The television apparatus of the retina, like that of a broadcasting station. 


transforms optical images into electrical currents. Above are shown the supporting 
framework (a, b, c), the nerve cables (d), transmitting cells (e), and connecting cells 


(f)l (s) tind (h) are the photosensitive cones and rods, which are the actual visual 
cells; (i) and (k) indicate the layer of pigmented cells forming the protective base. 
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of the cerebral cortex is composed of 
the sum of these point stimuli. If a 
retinal image were to be magnified 
six hundred times, one would see 
that it consists of points or dots 
similar to those of a half-tone 
engraving. 

The Visual Cells 

Rods and Cones. Figure 385 
shows the ingenious arrangement of 
the nerve cells in the retina. Above 
is a roof composed of tile-like cells 
(a); below, a sieve-like, perforated 
floor (c); the two are united by 
columnar cells. The upper parts of 
these cells support the roof; the 
lower portions with their tufts of 
fibres (b) form the sieve-like plate. 
In accordance with the character of 
the retina as a part of the brain, 
these columnar ceils are glia cells, 
which serve not only for support, 
but also to transport nutritive 
materials from the blood vessels to 


the nerve cells. The nerve fibres 
which come from the brain as the 
optic nerve run along the roof (d). 
They terminate in the large optic- 
nerve cells (e) that hang from the 
roof like hanging lamps or suspen- 
ded flower-pots. The rods (h) and 
cones (g) are inserted into the per- 
forated plate of the floor like pens 
and pencils in their stands. Origin- 
ally all visual cells were rod-shaped. 
The eyes of the lower animals, and 
of all twilight and nocturnal animals 
that have to get along with indistinct 
visual impressions, contain only 
rods. With the iniprovement and 
refinement of vision, rods were trans- 
formed into cones. The cones are 
more efficient. Flighly mol;)ile ani- 
mals possessing great visual acuity, 
such as birds, possess only cones. In 
man the cells in the centre of the 
retina, in the central optic pit {fovea 
centralis) [Fig. 386 (a)] have been 
transformed into cones. The fartlier 


telescope, consists of a main instriiinent 0/ 
with a small visual fwld f combined with a smaller and le^s 

having a large visual field (b-h-hj. The latter instrument . is 
the obfe:t; it is a finder like the viewfinder in a small camera. 
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Fig. 387. The human eye is a camera for both day and night photography. The retinal 
cones (Left) operate in daylight, producing sharply defined, fully coloured pictures. 
Those creatures, such as chickens, whose eyes have only cones can see in daylight only 
and go to sleep at sunset. The rods (Right) are highly sensitive to dim light, producing 
indistinct, colourless pictures. Nocturnal animals, such as owls and bats, have only 
rods in their retina, and they shun bright light, which is too strong for their highly 
sensitive eyes. The human eye contains both rods and cones; it has a central colour- 
sensitive area for daylight vision and a peripheral apparatus for nocturnal vision. 


one passes from this point to the difficult task of finding it, !.>ea,uisc 

periphery, the fewer become the a telescope with a high magnilica- 

cones, and in the periphery one tion surveys only a very smail por- 

finds only rods (b). By means of tion of the sky. Since the stars ap- 

this separation man has acquired a pear to move, owing to the rotation 

double eye: a central eye composed of the earth, and are only present 

of cones,' and a peripheral eye con- for seconds in the visual field of the 

sisting of rods. Both parts have telescope, it is almost impossible to 

their advantages. bring a definite point into the visual 

Finder and Observer. When an field of a massive instrument. This 

astronomer wants to observe an ob- can only be accomplished by means 

ject in the heavens with a large in- of a finder [Fig. 386 (b)]. A finder 

strument, he faces the extremely is a telescope with a low power of 







VISION BY DAY AND BY NIGHT 


Fig. 388 . We Imagine that we see the world like (!) hut it is a camera's view; 
(!!) shows how the eye sees in daylight— ventre of the visual field clear, periphery 
blurred. At night (UI) the centre of the field is ^ however, less clear than the edges. 


\ 
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magnification but a large visual field, 
by means of which an object can 
easily be found. The finder is auto- 
matically connected with the large 
instrument. If an object is seen in 
the centre of the finder, it is also 
visible in the large telescope. The 
peripheral eye is a finder of low 



Fig. 389. The pigment screen. The 
photosensitive cells of the retina are sur- 
rounded by the plasma tubes of the pig- 
ment cells. Under the influence of light 
the brown pigment granules rise within the 
tubes and screen off the cells. ( See also 
lower right-hand corner of Fig. 385.) 

visual acuity, but with a large visual 
field; the central eye is an observa- 
tion instrument with a restricted 
visual field, but possessing great 
visual acuity. The rods of the peri- 
phery see poorly, but they find ob- 
jects easily because they extend over 
a large area. Once the object has 
been found by the rods, the obser- 
ver’s eye is now directed upon it; 
that is, we focus the central optic pit 
and regard the object with the keen 
instrument of the cone apparatus. 

The difference in the accomplish- 
ments of the central optic pit and 


EYE 

the periphery of the retina is ex- 
plained by the diilering anatiimical 
structure of the two areas of the 
retina. The cones of the retinal 
pit are attached individually to the 
nervous system, as one recognizes 
from Figure (3) and Figure 385 
(g). Thus each cell transmits lo the 
brain ihe sharp image of an isolated 
point. The cones are point-observers. 
The rods, on the other hand, are 
united in groups, as sliown in Figure 
383 (5) and Figure 385 (h). dheir 
in tern uncial cells receive group 
stimuli instead of individual stimuli. 

Man’s Double Eye 

Owing to this group formation 
the periphery of the retina is more 
sensitive to light, since the stimula- 
tion of all the rods attached to one 
internuncial cell forms one common 
stimulus in it. But since tJie stimu- 
lation of different cells forms a col- 
lective impression, we do not see 
points with the periphery of the 
retina, but rather surfaces; that is, 
we do not see distinctly, but in a 
blurred way. The periphery of the 
retina works wath a coarse screen. 
The central pit of the retina is our 
daylight eye; the retinal peri})hery 
is our nocturnal or twilight eye. 

Owdng to this bipartite de\el()p- 
ment of the retina, man has a double 
eye, one for daylight vision, the 
other for twilight [Fig. 387]. Pro- 
nounced daytime aiiimais, such as 
chickens or canaries, liavc onlv cones 
in the retina and are night-blind: 
pronounced nocturnal animals, such 
as owls and bats, have onlv rods, 
which are indeed even more photo- 
sensitive than those of man, because 
they are collected in larger groups. 
The eye of a hooded crow contains 
40 times as many association cells as 
that of man, while the eve of a cat 


SEEING AT NIGHT 


contains 2,000 times as many, and 
that of a dolphin, which hunts in the 
water at night, has 7,000 times as 
many of these cells. 

Hoiv Do We See the World f 
Figure 388 (I) is a photographic 
view of a building. We believe that 
we see the world thus, as it appears 
in the photograph. But we are de- 
ceiving ourselves. That is how the 
camera sees it, whicli with its box 
form and flat pf)sterior wall is well 
constructed to do sc). 'riie eye, how- 
ever, is a hollow sphere; conse- 
cjuentiy its projection surface is 
curved and produces pictures such 
as that at (II). Only the central 
portion is distinct; laterally the pic- 
ture is !)lurred. The area of dis- 
tinct vision is circumscribed and 
presents a rnore or less circular form. 
Take an empty egg-shell and mount 
a cheap a])lanat!c lens in the open- 
ing. Neil her this model nor the 
pictures taken with it will win any 
prizes in a contesi, yet it is a model 
of a human eye, a miracle of nature, 
but a very (juestionable construction 
from a technical point of \ iew. We 
o\erlc)ok its defects because, in the 
lirsl ].>la('e, ^ve see with two eyes, and 
secondly, owing to the constant 
imnements of the eyes, the visual 
held is illuminated as though, with a 
searchlight. 

Twilight Vision 

Daylh^lit F.xes and Xocfiirual Eves. 
If one stands i)ef{.>re the same l.)iiikl- 
ing in the twilight, a ^el'y dilferent 
visual impression is obtained (111). 
In the twiliglit tite centre of the 
M*sual held sees less than the peri- 
phery l>ecause tin* rones are less 
photosensitive thaii the rods. Twh 
ligiu vision is c haiacteri/cti !)y the 
paradoxical statement that \ve do 
not see what we look at, and we may 


not look at what we see, because if 
we do, it will vanish. Since the peri- 
phery of the retina is better vibie to 
perceive moving objects than resting 
ones, in the twilight one sees best 
that which moves in the periphery 
of the visual field — the eye is focuvsed 
in this way as a protection against 
nocturnal enemies. During the day 
one sees chiefly with the central part 
of the I'etina. Spatially, the central 



Fig. 390 . Jrradiatiofh Against a dark 
background^ light surfaces appear larger 
than do dark surfaces of equal size against 
a light background. The crescent (a) is 
not larger than the circle; the lower half of 
the circle (c) is no larger than the tipper 
half. A ruler viewed against a candle 
flame (b) appears to be indented. 

visual field is restricted, but c\'ery- 
thing contained in it is seen clearly, 
distinctly, and in all its colour. Tlie 
spatial limitation is compensated by 
constant raovements of (he eyes. At 
night one sees chiefly witli the peri- 
phery of the retina.' In the centre 
of the visual field one secs little or 
nothing;, while peripheral vision is 
indistinct and colourless, ^'et one 
surveys a huge area ami percei\cs 
movement best in tlie lateral por- 
tions of the visual field. One can 
easilv convince oneself of this para- 
doxical and consecjuenth ifpparently 
unbelievable fact, .\nach two post- 
age stamps to a wall about ten itiches 
apart so that the iigin, gum-covered 
backs face the observer. Ihen 


THE EYE 


538 , 

positu 
eye c 
origir 

rh 

the i 

covet 

the 

sory 

and 

The 

qua 

teri 

ale! 

spa 

the 

wt 

cal 

ta< 

d 


I 



t. 



darken the room imtii the st^imps can 
just about be perceived. If one eye 
is now fixed on one of the stamps, 
it will disappear while the other 
stamp remains visible at the peri- 
phery of the visual field. Should the 
observer’s glance now be directed 



Fig. 391. The negative after-image. Fix 
your gaze for at least two minutes on the 
cross and then quickly place a blank sheet 
of white paper over the illustration. A 
positive image will appear in place of the 
negative one printed here. Repeat the 
experiment with paper of various colours. 

upon the perceived stamp, it will 
disappear and its neighbour will be- 
come visible. 

1 he Peripheral Phenomenon. 
This phenomenon is known to 
astronomers as the peripheral 
phenomenon. They know that ob- 
jects of very faint luminosity appear 
at the edge of the visual field when 


they look through a telescope. When 
the telescope is focused so that the 
objects will appear in the centre of 
the visual held, they vanish. This 
peripheral phenomenon is the 
reason why people see ghosts. In the 
twilight things are observed laterally 
which disappear when one turns 
round and looks for thein; the\ 
reappear as soon as one turns a\va\' 
again — these are the ghosts tliat 
haunt people! 

The Visual Purple. Since they 
are organs of nocturnal \ision, the 
rod cells are sensitized for this pur- 
pose by a special pigment, the visual 
purple. When viewed in the light 
of day, the retina of an animal killed 
in the dark presents a reddish ap- 
pearance. It loses its colour rapidlv, 
since light bleaches the visual 
purple. 

Aclaptafion to Dark. Unless thc\- 
have been sensitized by tlic visual 
purple, the rods arc unable to see 
anything in the dark. Since the 
visual purple is lirst formed in the 
eye after the disappearance of liglit, 
i: is some time before one cati see 
in the dark. On entering a dark 
room one perceives nothing at lirst. 
Gradually objects begin to appear 
out of the darkness. Everv amateur 
photographer who has worked iii an 
improvised dark room is acquainted 
with the following experience. At 
first one believes that the room is 
entirely dark, but after a cjuartcr 
of an hour one discovers that there 
are cracks present which let in some 
light. After fifteen minutes ati 
abundance of visual purple has been 
produced, and the photosensitivity 
of the eye rises to ^uooo times its 
initial value. 

Night Blindness, If an individual 
loses the ability to form visual 
purple, he becomes night-blind. 
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Vitamin A is necessary for the for- 
mation of visual purple, so that 
night blindness, or nyctalopia, as it 
is called scientifically, appears in 
consecjuencc of avitaminosis, and 
disappears piomptly when the body 
receives vitamin A. Animals whose 
eyes ha\e no rods, such as chickens, 
song-birds, snakes, and lizards, are 
naUiraily night-blind and conse- 


photosensitive. Conversely, the 
cones, as day cells, require a protec- 
tive substance against the effect of 
dazzling light. The posterior surface 
of the retina is covered with hex- 
agonal cells, containing a fluid pro- 
toplasm filled with dark pigment 
granules [Fig. 385 (i-k)]. When light 
enters the eye, the protoplasm con- 
taining the pigment streams an- 



Faci. 392. Which disk is the lightest in shade? Cover the picture with a strip of paper 
which permits only the disks to he seen: they will be found to be of the same shade. 
Grey tones appear darker on a light background, and lighter on a dark background. 


qucntly go to sleep with the appear- 
ance of twilight, (Conversely, ani- 
mals with a i'od apparatus such as 
liorses, cats, and bats are more or less 
(hiyblind and s(‘e well when it be- 
comes dark j F'ig. g.Sy |. 

riic X fut iirntd Exjnuisia}) of the 
Visual If aid. Bv tiie sensif i/tition of 
the retina, the peripheral portiotisof 
the retina whi<'h catinot sec during 
the citiy \vithoul this sensii i/tition be- 
coitic capable of visual activity. As 
a rt^suli the visual field expands to 
imiude this “ peripheral twilight 
/one.” In the dark one does not see 
as well as uhen it is light, but one 
see more, i.ateralh one can 
lo(ik farther liackward than in the 
<layinee, the \isuai held being ex- 
panded bv the addition of the cres- 
centic: zone shown in Figure g88 

(IH). 

llte Daylighl PigniruV Tlte rods, 
as the nocturnal cells of tlic eye, re- 
(jiiire a sensitizer in order to become 


teriorly along the visual cells, sur- 
rounding them like a sheath [Fig. 
g8()]. If one steps into a brightly 
illuminated space, one is dazzled at 
first because the strong light irradi- 
ates from one cell to the next. 
However, in the course of sevend 
minules the pigment migrates l,)e- 
tween the cells, separating them from 
one another, and the eye has, as we 
say, adapted itself to light. The 
light adaptation of the C)e lakes 
place much more rapidly than its 
dark tidaptation. 

IrrndiatioiL \Micn a strong !)eam 
of light enters the eve, not only are 
tiiose cells upon which the light im 
pinges stimulated, !)Ut the exc ilaiion 
also alfects the ncighbouiing cells, 
somewhat like the process of electri- 
cal induction. As a result the of>~ 
ject a]>pcars larger than it actually 
is; This phenomenon is especially 
noticeable in the region of the rods, 
because they are very phcitosensiiive 
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and, in addition, are united in 
groups. Even if only a single rod 
at the edge of such a group is stimu- 
lated, still the connecting cell will 
transmit an impulse as great as if 
the entire group had been stimu- 
lated by the light. Secondly, the 
human lens, which is not as refined 
an instrument as the lens of a good 
camera, since it is only a simple 
aplanatic lens, exhibits the condition 


in front of a candle flame or an in- 
candescent bulb, it will appear 
curved in the area of radiation, be- 
cause the stimulation of the retinal 
cells spreads beyond the actually 
affected area (b). In white clothes 
people appear larger, especially 
when they are seen against a dark 
background. A white dove appears 
larger than a black one. Alaniifac- 
turers make use of this knowledge by 



Fig. 393. Look at these two patterns in turn: a grey spot appears at each of the places 
where the white or black bars intersect. But if any one of these crossings is regarded 
intently, i.e. with the fovea, or central cone apparatus of the retina, the grey spot 
vanishes, and that pan of the bar becomes white or black once more. The other grey 
spots remain, owing to contrast, which ajfects only the periphery of the retina. 


known as spherical aberration. The 
stronger the light, the more notice- 
able is this phenomenon. Thirdly, 
one habitually tends to over-estimate 
the size of large, striking objects, 
while, on the other hand, darkV un- 
assuming things are under-estimated. 
These three causes, physiological, 
physical, and psychological, explain 
the phenomenon of irradiation. We 
regard light objects as larger than 
dark ones of equal size. When the 
narrow lunar crescent is visible in 
the sky, the shining part of the moon 
appears to be one-fifth larger than 
the dull non-illuminated portion 
[Fig, 390 (a)]. If one holds a ruler 


employing only light colours for the 
cans, tubes, and boxes in which they 
pack their products. 

The Positive After-Image. A 
stimulus requires a certain lime to 
produce a full effect. If a finger is 
passed rapidly through a flame, the 
heat is hardly noticed. Similarlv, 
sensations take a little while to dis- 
appear; they persist for some time 
after the withdrawal of the stimu- 
lus. The fact that visual activitv 
continues after stimulation of the 
retina has ceased has been known 
from very early times. Aristotle was 
acquainted with this phenomenon. 
After-images are visual sensations 
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whitii rcinain after tlic stimulus lias 
been rcnH)NC(i. I1iey arc best seen 
after lookint^ al brs\i>})t objects. There 
are two kimls of afl.er-imag’cs, posi- 
tive and negative. In the case of 
l.)la(:k and while stimuli, such as 
Idgure ;> 9 !, ih.e terms correspond to 
those used in pliolograpliy. In the 


after-image of the flame. The 
phenomenon is probably due to the 
persistence in the visual cells of the 
chemical process initiated by the 
stinmlus, after the stimulus itself 
has been withdrawn. 

The Negative After-Image. If 
stimidation is continued so long 



Fio. 394. This picture explains the cause of the blind spot A The optic. disk\ or papilla, 
which is the point where the optic nerve enters the retina, contains no visual cells and 
is consequently blind (a). Therefore the visual field also contains a ''"blind spoC (h). 


positive aJ'ter-imagc the light areas 
apjicar light and the black ones 
dark: in ilie negatixe image the ap- 
pearame is re\crseti. W'ljen coloured 
iigliis are used, positive after- 
images arc alwaxs the same colour 
as the object looked at. Negative 
afierdtnages (‘xhibii tlie colours 
winch tire eomplemeniarv to those 
at which the obscawr has been look- 
ing, If one looks for ti moment at 
a burning mtUch ami then closes 
one’s eyes, one perceices a positive 


that the visual cells become fatigued, 
a n ega t i e af t e r- i m a ge ; i p p Lan\s . Thus 
while positive and negative after- 
images are opposed in appetirancc, 
there is no discontinuity between 
tliern, and one may merge into the 
other. I'he nature of the alter im- 
age produced depends on the inten- 
sity of the original stimulus and the 
occurrence of succeeding stimuli, A 
single stimulus of mwlium intensity 
produces a positive after-image, but 
when a second stimulus falls upon 
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the same area of the retina after the evidently a peripheral phenomenon 
visual cells have become fatigued, a —that is, a phenomenon peiceived 

negative image is produced. Thus by the rod cells oi the letiiiai peii- 

if a coloured light is regarded for phery, but not b) the cones ol the 

thirty to forty seconds and the gaze central fovea. In the case oi. this 

is then directed upon a white sur- optical illusion we are dealing with 

face, an induced negative after- a contrast efiect. Contiast is a tcxni 
image, consisting of a spot tinged used in optics to desciibe the iai.t 
with complementary colours, is pro-' that differences of liuninosiu and 
duced. This phenomenon is also colour appear accentuated when 
known as successive contrast. placed in juKtaposition. ! he five 

We are all acquainted "with this disks in kigure ^,9^4 are all ccjually 
contrast phenomenon. If one looks g^^cy. d his becomes evident when 



Fig. 395 . Finding the blind spot. Close the right eye, and from a distance of about 
a foot fix the left eye upon the cross at the right edge oj the drawing. When the head 
is in a certain position, which must be determined by moving it from side to side, the 
rectangle with the black triangle disappears because it has been projected upon the blind 
spot., or point of entry of the optic nerve, which is insensitive to light. 


at the setting sun, the retina is soon 
fatigued, paralysed,” by the strong 
stimulus, so that after removing 
one’s gaze from it, all sorts of con- 
trasting after-images of the sun are 
seen. The colours of these after- 
images depend on the colour of the 
sun and that of the surface upon 
which the gaze is directed. The two 
patterns in Figure 393 are very suit- 
able for producing after-images. 

An Optical Illusion 

' Contrast. In looking at the two 
patterns of Figure 393, one is dis- 
turbed by a remarkable sensation. 
At the points of intersection the 
white lines appear darker and the 
dark lines lighter, as if they were 
covered with grey patches. If one 
looks closely at one of these patches, 
it disappears. The others, however, 
continue to persist. Thus this is 


Figure 392 is covered by a strip of 
paper in which holes have been cut 
so that only the disks are visible. It 
is obvious that a patch of grey ap- 
pears darker on a white background 
than it does on a black Ixackground. 
Where they are enclosed by 1)1 ack 
surfaces the white bars in Figure 393 
(left) seem whiter than they actually 
are, and at the points where they in- 
tersect with other white bars lljcy 
look darker. Consequently, the 
points of intersection look like grey 
spots. The opposite is tlie ca.se in 
Figure 393 (right). No wallpaper or 
textile manufacturer would put 
such a pattern on the market, I'he 
danger is avoided by using neither 
pure white nor purcj)!ack; instead, 
the two tones are accommodated by 
being mixed. 

Twilight Contrast. Because of the 
effect of contrast the sky looks 
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brighter in tiic twilight, and the 
shadows of iiiountaiiis, trees, houses, 
and U^legrapli poles appear darker, 
(ionirasi aceeni nates silhouettes, pre- 
(.aniiienlly those in the periphery of 
the visual iiehl, as is indicated in 
Mgtire ;»SS (HI), .Besides, lire peri- 
phery of the retina is especially sensi- 
tive to motion. 'I’fiese two charac- 
i eristics oC the twilight eye — the in- 
creased sensitivity to contrasts and 
the keener perception of motion — 
have apparently developed in the 
course of animal history because 
they tire vitally important in the 
animal's struggle for existence. Dur- 
ing tile perilous iwilight hours they 
enaf>ie it to reeogni/e hungry noc- 
turtial animals tliat stalk it IVorn the 
side's or from behind, in contrast to 
man, animals witii their lateraliy 
situated eves <an use the periphery 
of the retina to look not only side- 
ways but also backwards, A hare, 
for instance, sees the dog which is 
ehasing It, 

77/c Visnaliyiiio}} of the Retina. 
When light is thrown into the eye 
tiirough the pupil and the illumin- 
ated retina is examined witii a mag- 
nifving glass, it presents a glowing 
red appearance, 'hhe most promin- 
ent feature is tiie optic disk, a round 



tral optic pit, the fovea, which ap- 
pears as a yellowish spot. It is truly 
a fascinating picture and is one of 
the most beautiful of all natural 
phenomena. 

The Optic Disk, In its central 
part the disk generally dips down to 
form a physiological depression, 
which varies considerably in depth 
and form from one individual to 
anotlier. It is usually a pale pink, 
in contrast to the red colour of the 
rest of the retina. 

Diagnosis From the Eye 

The retina is a projected part of 
tile brain, and in consequence the 
optic nerve, like all parts of the 
brain, is covered l>y ccrebnd mem« 
l^ranes and surrounded by cerebral 
fluid. If the fluid pressure within 
the skull is increased because of iii- 
flamiiiation, swelling, or tumour of 
the brain, the intra-ocular end of 
the optic nerve, the optic disk, be- 
comes congested and swollen, form- 
ing the so-called choked disk. For 
this reason whenever a brain dis- 
ease is suspected, an examination of 
the retina should be made. 


Retinal examination is also irn- 
})ortant in diagnosing many other 
diseases of the retina, the optic 



Fig. 396. IVe make an important discovery: if the white space 'between the two black 
bars is projected upon the blind spot, the white space disappears and we see one con- 
timtom black line, Tims the blind spot enables us to see more than is actually present! 


oval sinicturc about 1.5 mm. in 
diamcier, whii h marks the entrance 
of the optic nerve into the retina 
llog. (a)l. l*'roni the disk the 
liriglii red retina! vessels railiatc like, 
hen serpents, divitling iiito inmim- 
enibic hranibes as they spread over 
ihe retina. Near the disk is the cen- 


nerve, and the circiilatol’y system, 
and consequently occupies an ioi- 
ponaiu place among the diagnostic 
methods of medicine. 

The Blind Spot, The point of 
entry of the optic nerve contains no 
visual cells aud is consequently a 
blind spot, comparable to a scratch 
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on the photosensitive plate of a 
camera. In the visual field the blind 
spot appears as an empty space, 
which becomes larger the farther 
one pi:ojects it into the outer world. 



spot at any time and at any place. 
Fig. 395 enables us to find the blind 
spot. Close the right eye and look 
steadily with the left at the cross, 
holding the book vertically in front 
of the face while moving it to and 



■ vfSiii' 




Fig. 397. Sacred Love. At a distance oj about three feet from an object, the blind 
spot in the eye is insensitive to an area of the visual field as large as a man\s fist; this 
area increases with distance. In order to demonstrate the comparatively large size of 
this ^"blind^^ area, the two figures of a famous painting by Titian^ Sacred Love (Above) 
and Profane Love (Fig. 398) have been placed side by side, providing the subject 
of an interesting optical experiment, a description of which will be found below Fig. 398. 


Finding the Blind Spot 

On the retina the blind spot is 
inch wide; ten inches distant from 
the eye it is as large as a stamp, 
at a distance of three feet it is as 
large as a fist, at four yards it is 
larger than a human head, and at 
twenty yards larger than a horse 
[Fig. 394]. These figures sound im- 
probable, yet one can easily convince 
oneself of their truth. Very little 
training is needed to be able to re- 
cognize the existence of the blind 


fro. At a distance of ten inches the 
stamp, the space containing the 
triangle, disappears. This is the 
blind spot in the visual field. Hav- 
ing discovered the blind spot and re- 
peated the experiment several times, 
you are now ready to try several 
other experiments. First find the 
blind spot of the other eye. Reverse 
the book, close the left eye and fix 
the cross with the right eye, and 
now try to place the stamp in the 
blind spot of the right eye. Having 
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suc('ee<le(i in doiiio- this, retuni the 
book to its ttot nuil position, and now 
liy to make the cross disappear. 
Alter liv(; to ten tttiimics one is able 
to tnakc eit lua' one or the other 
hgure disappear at will in the blind 
spot of either eye, and can then go 
OH to the next experiment. Place 
hignre ^,95 exactly in front of the 
centre of the face and look at the 
stamp on the left with the right eye 
Linlil the cross disappears; without 
moving the Iiead, shift the eyes and 
look ’dl tile cross (>n the right until 
the stamp vanishes. By alternately 
opening tind closing the eyes one can 
make either the stamp or the cross 
disa}))>ear witliout moving the head. 

VViien ojie has acquired the neces- 


Mry practice, the book can be laid 
aside, and one can experiment with 
various objects. Attach a postage 
stamp to the wall and make it dis-' 
appear in the blind spot. Then take 
a larger surface such as a postcard 
or a newspaper. Eventually one is 
able to do the same with almost 
any object. 

Seeing With the Brain 

The Psychology of the Blind 
Spot, The blind spot is not only 
a physical phenomenon based upon 
the defective optical mechanism of 
the eye, but involves also a psycho- 
logical process. Turn back to 
Figure 395 again and make the 
stamp disappear. It vanishes, but 


Fig. 398. Profane Love, Place the book on the table and stand up. Closing the 
right eye, fix the left eye upon the figure of Sacred Love, If the gaze is now allowed 
to pass over to the right-hand picture^ the figure of Sacred Love disappears in the blind 
spot when the gaze reaches the figure of Profane Love. If the direction is reversed, 
the figure of Profane Love vanishes when we gaze upon Sacred Love, The two figures 
can be made to appear and disappear alternately by opening and closing each eye in turn. 





Fig, 399. At ( I) is shown the area surveyed by one eye — in this case, the 
in (U) the areas surveyed by both eyes individually have been superimposed, 
is the scene as it appears when regarded with both eyes at once. 
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llu' black line (‘\lni)ils no gaj) such 
as ctatainls ('xist.s in Hk^ rclinal ini~ 
a”<‘, aiici passes ^vi^b()Ut inlc‘rru|.>li()ji 
llnoneji Hu* \isual liehl. 'i hen ex- 
perinieiil \uih l'iL»uu* As soon 

as llie while j^ap is opposite llie 
blind spot. iiu‘ black line siiows no 
fn'eak. 1 tins ibc- blind ,s})o(, not. 
onh cause's no \isnal deleel, i)ut in- 
siead aiious onc' lo see more than is 
actualK prcfsent; that is, one also 
SIX'S uhai OIK' would loi>ieally expect 
to 1 r‘ piesent at this [)oinl. If wc 
cairy out the directions given in 
idgs. ;;<|7 ajtd sc; that the figures 
disajjpc'ar, ue uoi only close the cou- 
sid<*!af)le resulting gap, one-tenth of! 
tlu! |>tige, but also coniplete it logi- 
cally. dhe liguie of Sacred l.ove 
is placed against a grev backgrouneb 
and we hil in the ga]> in the visual 
hcrid with the saitte light tone; Pro- 
fane Lcne is phiced against a darker 
!)ackgrouncl and consc(|uenily the 
gap is also filled in darkly. 

riie Idind spot is both interesting 
and jjuportant because it demon- 
strates that wltile w-x* employ the eye, 
a physical apparatus which is not en- 
tireh free c»l defects, to sec the cx- 
lental world, yet the \isual process 
prcjpc'r does not take' ))hK e in the eye 
i>ul in the brain, wliere it is coif- 
liolh'd b\ the inu'lleei. 

\dsion is a physical |.)Jo(ess in the 
c‘\e: jH'rcc'ption is a psNchoiogical 
piocc’ss it) the* <erel>ral cortex, in 
ptaclical ac I i\ it v, henvete'r, it is eveti 
c'a>ic‘r tiMUeilook the Idind spot, be 
cause ue ^c'c* uith two c‘\es. the cent- 
seeptetue l)c*ing^ ihat the rigl'il eve 
o\c'i looks tiic; gap in tile lelt visual 
la-hh and the left eve that in tite 
right visual field. 

77/e M{}}}(iruii(r risual Field. 
I'igiii't* jppp (I I represents the visual 
field <d* a single eve, in tliis case the 
right eye. I his is ktiown as a mono* 


ctiiar visual held. While the visual 
fiekl is sub'Clividcd like a shooting- 
target, it is not Hat like the latter, 
but is shaped rather like ti boliow 
sphere. Extend your arms in the 
direction of the tip of the nose as 
in a gymnastic exercise; on tins 
visual axis the pole of the sphere 
is located at o'\ Now carry the arms 
laterally until they are iSo' apart, 


Fig. 400. An experiment which is as 
simple as it is astonishing^ This is how 
H'c .vec a tape measure stretched between 
(a) ami (h). We do not see it in its 
actual position, but laterally with each eye, 
so that it appears double. Only the point 
at which the two yisnul axes intersect 
each other appears single ami distinct. 
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Fig. 401. This is how we see the world! When we look at an object on our side 
the window everything in the distance beyond the window appears to be double. Con- 
versely, when we look at the world outside the window, objects on this side seem double 
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Conning a line which passes through 
both shoulders; out here the equa- 
tor of the visual field passes at 90"". 
Now close the left eye; the spatial 
area which the eye surveys is the 
monocular visual field of the right 
eye. It is shaped like a spherical 
vault, and is bounded medially by 
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field of the left eye. In Figure 399 
(II) the two visual fields are shown 
in their natural positions and par- 
tially superimposed: (a), (b), (c), (d) 
indicate the visual field of the left 
eye, (d), (e), (f), (g) that of the right 
eye. Since the two are superimposed, 
the central space is common to both 


' the nose at about 65°, above by the 

eyebrow at 69°, and below by the 
cheek-bone at 76"". Laterally, the 
visual field extends beyond 90°; that 
‘ is, it extends somewhat posteriorly, 

up to about 94 in the daytime, and 
considerably farther in twilight [cf. 

; Fig. 388 (III)], 

j The Bijiocular Visual Field. After 

having understood the monocular 
: visual field of the right eye, close the 

1 rieht eye and examine the visual 

I 

I 


of them, while each of die cresccuiic 
edges belongs to only one e\e. In 
order to comprehend this ciearlv, 
open and close the right and lelt 
eye alternately several limes in suc- 
cession. By doing so, one sees how 
the nasal ridge, which forms the 
medial border of the visual field, 
shifts back and forth. Whatever lies 
between these two boundaries is seen 
by both eyes. This egg-shaped area 
between (b), (c), (d), (g) is c:dled 
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the binocnfar visual field. On clos- 
ing the riglii; eye the crescent .be- 
tween (c) and (e) disappears, while 
closing the left eye results in, the dis- 
appearance of the left crescent be- 
tween (a) and (g). These two ex- 
terna! crescentic fields are not seen 
by f)oth eyes together, but by each 
eye alone. Turn back to Figure 595; 
the cat stands in the common bino- 
cular visual field of both eyes, and, 
owing to the peculiar crossed struc- 
ture of the optic tracts, is appre- 
hended not only by both eyes but 
also by i)oth cerebral hemispheres. 
Hut the birds are located in the 
lateral crescentic area and are seen 
only monocadarly, each image being 
taken care of by only one hemi- 
sphere. 

One-Eye, and Two-Eye Vision 

Whatever stands directly in front 
of us (!}etwecii the boundaries 
formed bv the ridge of the nose) is 
seen by both eyes simultaneously, 
and perceived in both cerebral hemi- 
spiicrcs. It is seen by means of the 
cones of the central optic pit, the 
fovea, and is consequently perceived 
disiiijctiy, in a plastic manner, and 
in its true colours. Whatever is 
{ocaied outside the binocular visual 
Ifcid, in one of tlie crescentic visual 
areas, is of)served by only one eye, 
perceived i>v one hemisphere, and, 
tnoret)\er, is seen only i>y means of 
the lods. It is tiierefore seen indis- 
Utu.tly and is fiat and devoid of 
cohun', 

Phisiir Vision, Hold an index 
linger in front of the nose and look 
at it aherriately with each eye. The 
right e\e sees it more from the right, 
and the left; eye more fimn the left, 
T he right eve (with its external cres- 
cent space) sees a Ixtrdcr which the 
left eye does not perceive, and con- 
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versely the left eye sees an additional 
border at the left edge of the visual 
field. When the finger is looked at 
with both eyes, it is encompassed 
by the two crescentic areas, and ap- 
pears as a solid object. The closer 
an object is to an observer, the 
greater 1$ the appearance of solidity 
which it presents. In combination 
with psychological experience, the 



Fig. 402. // one looks past me up oj a 
cigarette the latter shows a double image. 
The match, being farther away, exhibits 
two images still farther apart, 

degree of solidity presented !)y an 
object permits us to judge distance. 
Whatever appears solid is considered 
near, while objects which lack 
solidity are reganled as distant. 

lt' 7 /y Use Prisms '/ Now one also 
understands llie remarkable form 
and the incontestable advantage of 
modern field-glasses. By using prisms 
the two visual fields arc piisiied 
apart. This explains why prismatic 
field-glasses are wider anteriorly, 
where the objectives are situated. 
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than they are posteriorly, where the 
eyepieces cannot be farther apart 
than are the eyes themselves. As the 
visual fields are pushed apart later- 
ally, the observer’s gaze encompasses 
the objects and they appear closer 
and more solid. 

Single and Double Vision. Hold 
an index finger between your nose 
and the book and continue reading. 
The index finger appears double, be- 
cause the eyes see it from different 
positions and consequently also in 
different projections against the page 
of the book. In order to see the 
finger singly, the eyes must be rota- 
ted inwards — that is, converged — 
and the two separate images must 
be fused. Physiologically we see 
everything double, because we see 
the world with two eyes, each of 
uiiich occupies a different position. 
We see everything double except the 
point at which the visual axes of 
both eyes intersect. Take a cord 
about a yard long, or a tape measure, 
and attach one end to some object 
at about eye level. Bring the free 
end to the tip of the nose, and now 
look along the extended cord. A 
very simple experiment, and yet — 
wliat a surprise for anyone who per- 
forms it for the first time! [Fig. 400]. 

Double Images 

One sees two cords which appear 
to start from the eyes and to meet 
at a point of intersection. If the 
observer lets his gaze pass slowly 
from the tip of the nose to the at- 
tached end of the cord, he will see 
that the point of intersection of the 
two cords moves with it. The two 
cords always intersect at that point 
which we fix with both eyes. There 
we see the cord as it actually is: 
namely, single; at all other points 
it appears double and at the same 


time indistinct. In Figures 401 and 
403 our experience with the cord is 
translated into practical actuality. 
These pictures are not in tended to 
be regarded as jokes; on the con- 
trary, they are true rcpresentalions 
of our picture of the world. All 
other pictures, which are presented 
to us in paintings, drawings, or 
magazine photographs are false. 
They represent the camera's “ \’ieu' ” 
of the world, but not that of a 
human being with binocular vision. 

Defects of the Eye 

And now, having traversed tlie 
road to knowledge step l)y step, com- 
pare Figure 388 (I), the picture which 
led to our entire discussion, -with 
Figure 399 (HI), the final picture. 
No one will deny that he has become 
wiser between these pictures! Not 
very long ago every one of us would 
have sworn that he sees ihe world 
as it is represented in Figure 388; 
now, however, we know that the 
stereoscopic camera that we have in 
our head is a rather imperfect in- 
strument. We manage so well witli 
it in the world because, first, we 
know how to employ it in masterlv 
fashion as a result of unintcirupted 
use; secondly, because we have be- 
come accustomed to its defects; and 
thirdly, because it is equipped with 
a superbly functioning mechanism 
which moves and adjusts it. 'Fhe 
eye is undoubtedly a primiUN c opli- 
cal instrument, but in its muscle ap- 
paratus it possesses the best t\pe of 
adjusting mechanism tluu. is known 
to technology. 

the Muscles fhal Move ihe Eyes. 
Of all muscles in the body, those 
which move the eyes arc outstanding 
for the accuracy of their responses 
and the precision of their move- 
ments. Each eyeball is supported 
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axes (two horizontal and .two verti- 
cal) of the \'isiuil field (the numbered 
lines in Figure 399; I). This means 
that the eye can assume 8,000 posi- 
tions along these axes alone. The 
chessboard of the human visual' field 
has more than 100,000 fields among 
which the observer’s gaze can move 
back and forth! 

The Nervous Apparalus ^or Eye 
Movements. Figure 403 represents 
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special centres for the eye muscles 
located in the depths of the brain. 
The accommodation ceii tre (10) i n- 
creases the curvature of the lens, so 
that the lines- appear distinct; the 
convergence centre (1 1) rolls the eyes 
inwards, so that the images seen by 
the two eyes will blend; the pupillary 
centre (1^) regulates the ocular dia- 
phragm, depending on the degree of 
illumination; cenirc (13) conirols 


Fig. 404'. The blind space. Between the nose and the point closest to it at which the 
visual axes cross is a space in which we see nothing — the blind space. In those animals 
whose eyes are situated laterally, this space is very large. A rabbit, for example, does 
not see the food which it is eating. On bringing the centre of this picture close to the 
tip oj the nose, the central figure disappears. The two lateral figures approach more 
closely together, however, as the medial convergence muscles become more and more 
fatigued, until at last the figures appear to kiss each other. 


a sketch of the cen tres and nerve 
tracts that control the ocular 
muscles. In order to obtain some 
idea of this apparatus, let us survey 
superficially how it works within 
us at this moment when we are read- 
ing. The light stimulus first passes 
through the optic nerve (17) and the 
optic tract to the optic thalamus 
(18), and then to the visual centre 
(1) in the occipital region of the 
brain. This centre sees the image 
and sends it to the various percep- 
tual centres (memory and word- 
formation), as well as to the 
volitional centre for voluntary ocu- 
lar movements (3). From this cor- 
tical centre impulses now pass by 
way of the tract (3) to the various 


the mechanism which keeps the eyes 
open; centre (7) fixes the eyes at the 
right level; centre (8) draws the right 
eye outwards while reading, while 
centre (6) pulls the left eye inwards. 
Upon reaching the end of the line, 
various inhibitory centres become 
active, and now the movement is 
shifted in a complex manner. Since 
the next line is lower, the centres 
for the oblique eye muscles must 
now act for a moment in order to 
bring the eyes obliquely downwards. 
In order to prevent the eyes from 
being carried too far to the left and 
downwards, other inhibitory centres 
are brought into play. In short, 
anyone who wishes to trace the 
physiological processes involved in 
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rt^adino- a, page of’ this hook will soon 
fhid I hat. he is dealing Avith a verit- 
able lua/e of inter-related ruiictions, 
lo which must he added the pvsycho- 
logi< al processes connected with re- 
cognition, memory, understanding', 
aiul imagination, A fidl account 
would proftahly cover at least twenty 
pages such as Jhesc, and even this 
might not he enough. 

SjHiiial Oruniialioii and Esiimar 
How does one estimate the 
u eight of an object? By holding 
the ohj<.‘ct in one’s hand and judg- 
ittg the degree of muscular effort 
retpiiied lo hold, it; that is, it is 
helled, iliUH enabling one to- estimate 
I lie probable weight. In judging 
dislances, angles, and spatial rela- 
tions we proceed in a similar man- 
ner, with the one diflerence that in 
the la Her case the ocular muscles 
are employed instead of the arm 
muscles. 

Judging Si:^e and Distance 

Let us slop reading for a moment 
to estimate the sire of ilic room in 
which Ave are silting, and o])scrve 
what we dcj in order to arrive at 
this estimate. With our eyes we 
iruAeise (lie distance from one corner 
lo another, our gaze travels back and 
forth two t)r three times, and tv hen 
\se come to the termimd point of 
the \isual axis along Avhich we ar"c 
looking, tlie eves are focused sharply 
upon it. d’he distances traversed by 
ciur eyes are estimated on the basis 


of the amount of energy and the 
time required for the movement of 
the eyes; This judgment is based 
not only on the coarser ocular 
movements, but also on the more 
delicate movements concerned tvith 
inward rotation of the eyeball and 
the alteration of the curvature of the 
lens. .. 

Light, Shade and Colour 

We judge the distance of an ob- 
ject by the effort needed to accom- 
modate the eye to see it distinctly— 
that is, by the amount of energy re- 
cjiiired for the tension of the lenticu- 
lar muscles, or accommodation , and 
for the inward rotation, or GOiiver- 
gence, of the eyes so that the object 
will not appear double, but single. 
Furthermore, we take the apparent 
solidity of the object into considera- 
tion. Everything that is spread out 
on a plane surface and appears flat, 
we regard as distant, wliilc objects 
Avhich the gaze encompasses laterally 
and which thus appear to occupy 
depth are judged to be near. The 
relations of the distribution of light 
and shade on an object also liei}) in 
arriving at a conclusion. The 
stronger the contrast, the closer the 
object. Similarly, the depth and tlic 
length of shadows, as well as the ]>rii- 
iiance of colours are also of value 
in judging rehuivc distances. All in 
all, the visual process by means (,>f 
which man orients himself in sp)ac:c 
is one of very great complexiu. 




THINGS ARE NOT ALWAYS WHAT THEY SEEM ! • 

Are these rings really spirals? No, they are concentric circles. The rea:hi 
this by tracing the path followed by the apparent spirals. The iUiishr.i i 
Anne nf the segments, which compels the eyes to look towards the centre 
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The Psychology of Seeing 

now EYE AiOVEMENTS INFLUENCE VISION. ILLUSIONS OF SIGHT. 
KSliMATLXG IHE SIZE OF OBJECTS. OPTICS IN ART AND FASHION. 
LKiiir CL01HES OR DARK? THE EFFECT OF ENVIRONMENT. THE 
EOC(T:M)OR1’ PHENOMENON. CONVERGING AND DIVERGING LINES. 
PERS!>K(ri I\'K. T HE WORLD STANDS ON ITS HEAD. THE SPECTRUM. 
<i>LOUK TONES. COMPI .EMENTARY COLOURS. CPLOUR-BLINDNESS. 


T l i ih pict ure of the world that we 
huiki for ourselves depends 
ia rifely on the visual inipressious we 
Rather, and here the importance of 
eye mo\enients niust be emphasized. 
The influence of eye movements is 
clearly shown in the examples of 
tvpical optical illusions which follow, 
i he lines in Figure 40!), for example, 
jue aiiualh of e<|ual length. The 
horizontal line appears vshorter to 
un, houever, because it is easier for 
Its lo e\e<tiU‘ horizontal eye move- 
ments tiian vertical ones, in which 
we must move the eyeballs up and 
down, dliis is the physiological 
u-ason why the horizon has such 
a restful elfed on us, while moun- 
tains tend to produce a restless fcel- 


i*fti 406, Which of these two lines is 
longer, the horizontal or the t erticai one ? 

ing by compelling us to move the 
wes upwaixls. If one is given the 
y 'ask of drawing a s(|uarc which is 


not too small, it is usually drawn 
somew'hat too wide; on the average 
the width is t greater than the 
height. If one has to draw an uprigh t 
cross with arms equal in length, 
the vertical bar is usually drawn 



FiCr. 407. Which of these squares is the 
larger They are exactly the same size, 

too high. Columns appear too nar- 
row becau.se their breadth is seen 
relatively faster than their height. 
For this reason, ever since the classi-: 
cal periods of Egy].>tian and Greek 
art, they have been made somcwdiat 
convex in order to force one’s gaze 
to move laterally. 

The sc|uarcs in Figure 4.07 are of 
ec|ual tiimensions, but the square 
standing on one corner uippcars 
larger, because in order to judge its 
size \ve must execute oblique move- 
ments of the eyeballs, whicli require 
a greater exertion and occur more 
slowly. Since our eyes move more 
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THE PSYCHOLOGY OF SEEING 




Fig. 408. Which part of this line is 


longer, the upper or the lower part ? 


Fig. 409. Can you 


vou divide each of these two lines into halves / 




Fig. 4i0. Are the figure eight and the S as symmetrical as they seem to he ? Turn the 

page round and see for yourself. 


Fig. 411. Which of these two horizontal lines is the longer ? They are equal in length. 






Fig. 412. Although the door of the left-hand cabinet appears smaller than the door oj 
the one on the right, actually they are equal in size. 
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rasily alonj^- a tuHizoiuai axis we are 
btiin afile to compare and to esti- 
male I he si/t* of objea ts lying along- 
si<h‘ cads oiher shall of those that 
ase anasig(‘d vertically. It is on this 
au inuis shai astronomers in their iii- 
U'ssigaiions nse instruments wiiidi 
Ia lelieuion bring stars that are 
sc-eii above one atiother on to a hori- 
/iHMal level: it is a matter of experi- 
ence tlmt tile results ol’ such com- 
parisons are more accurate. 

Isye Movements 

Kvervihing that lies above the 
visual axis in Figure /|o8 is exagger- 
ated, bec atise the visual act is simul- 
laneously combined with the cH’ort 
of raising the eyes. The two parts 
of the line are, in fact, equal. 

Look at Figure 409, close one eye, 
first the right and then the left, and 
see whether you can halve these 
lines. Test the result by counting 
the nutnber of dots under each half. 
In making such a visual division we 
tend it) make the outer halves longer, 
fjecause we are accustomed to rotate 
ihe eyeballs inwards and conse- 
qt tenth the must les that carry out 
this inward rotaiittn are stronger 
than llujse tliat rotate tiie eyes oiit- 
ivards (laterally). VVe can survey 
die medial aspects of objects much 
better titan the lateral ones. 

Figure 410 gives examples of 
apparent symmetry. llie upper 
lialves of tile figure eight and the S 
(left), however, are narrower, but 
they protime a symmetrical effect, 
since the lower halves are surveyed 
more easily bv the eyes and conse- 
t|uentiy appear smaller. Most people 
are unconscious of any difference; if 
I lie charatiers are turned upskle 
dmvn (right) it becomes obvious. 

'File littes in Figure 41 i are equal 
in length, but the left one appears 
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shorter because it has an eye 
signal” in the centre. The right 
one seems longer because the verti- 
cal line is situated laterally and holds 
the observer’s gaze longer at the 
end of the line. 

The application of the above prin- 
ciple is illustrated in Figure 412. 
The door of the left cabinet seems 
smaller than that of the right one 
because the object in the centre at- 
tracts the eye arid draws one’s atten- 
tion from the corners to the centre. 
The ol)jects at the corners direct the 
eyes outwards. In the realms of 
art, architecture, and fashion such 
objects as attract attention play an 
important role. 

The line in Figure 413 is divided 
into two equal parts, but the left 
half appears much longer because 
the observer’s attention is directed 
outwards by the attached lines, 
which diverge, while the right half 
of the line seems shorter because it 
is enclosed by lines that converge 
laterally. One of the numerous in- 
stances in wdiich this effect applies 
may be seen in the lapels of men’s 
jackets. Lapels that point upwards 
make one appear slim [Fig. 414 (a)]: 
notched lapels give the wearer a 
stocky appearance (1)). 

Biusions in Art and Fashion 

The square in tlie centre of Figure 
415 appears higiier because the 
ellipse causes one to look up; the 
square on the right seems broader 
because the observer’s attention is 
attracted to the si<!es. 

This effect can frequent iy he 
noticed in relation to women’s 
fashions, A hat which extends the 
profile of the head upwards makes 
the face seem narrow and long; a 
hatwiih a broad brim directs the 
observer’s gaze laterally, making the 
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lace seem broader [Fig. 416]- The 
broader face is a youthful type, so 
that a wide-brimmed hat gives a 
woman a more youthful appearance. 

The environment exerts an im- 
nortant inlluence on visual effects. 

The two inside circles in Figure 417 
are of equal size, but the left 
one seems smaller because it i^sur 

rounded and “ suppressed by a 

number of larger circles, w 1 e 
right-hand circle appears largei 
by contrast with the smaller circles 
that surround it. Diamonds when 
mounted are surrounded by smallei 
diamonds in order to make them 
appear more imposing. 

Disks and Circles 

A disk appears smaller than a 
circle [Fig. 418] because the glance 
passes rapidly across its surface, 
while circles compel the ey^s to fol- 
low the much longer periphery, a 
process which in addition requires 
very complicated, and consequently 
slower, movements of the eyes. 

A circle appears circular, however, 
only if the observer’s glance can pass 
aroiind its circumference without en- 
countering any disturbing inlluence. 
The two designs in Figure 418 ^ave 
the same dimensions as those in 
Figure 4 > 7 . seem sym- 

metrical because the black disks in- 
terrupt the observer’s glance. In 
the design on the right one sees two 
oToiips of four dots like those on a 
domino; the one on the left appears 

asvminetrical. ... . 

The application of a principle is 
seen in Figure 419. An evenly- 
coloured body appears smaller_than 
one of equal si'ze where the edge is 
emphasized, since the latter attracts 
aiieniion and causes the observer to 
concentrate on it. Dark clothes make 
one appear slim, while light ones 


produce an opposite effect. Sim - 
larly all patterns that attract an ob- 
server’s attention for a long time 
give the wearer a “ stout ” appeal- 
ance. 

The Poffsjendorf phenomenon, as 

it is called '[Fig. 420]. is ^ basis of 
many optical illusions. In this a 
diagonal line is crossed by two 01 
more parallel bars. As one follows 
the diagonal upwards, each succeed- 
ing piece seems to start farther to the 
riAit of the point where the preced- 
ing one should end. The explanation 



Fig. 421. Divergent lines crossed by 
parallel lines appear to he twisted Me 
threads— an extension of the celebrated 

Poggendorf phenomenon. 

is that in following the diagonal line 
upwards from the left, our line of 
vision must cross the parallel bais. 
The latter deflect our glance even 
more towards the right, and conse- 
quently the next segment of the hue 
appears to the eye to be shifted to 
the right. 

When two divergent lines arc 
crossed by a number of parallel 
lines, they appear twisted like 
threads on account of the apparent 
shifting of the individual segments 

[Fig. 421]. ,1.1 

If you lower your eyes to the level 

of the book ami look at the long 
diagonal lines in Figure 422, they 
are seen to be parallel. When we 
look at them from above, however, 
our eyes are not capable of seeing 
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them without being disturbed by the 
many short lines that intersect them, 
and are consequently deflected 
almost automatically. Similarly, it 
is difficult to see the regular figures in 
Figure 453 without distortion; while 
the vertical lines in Figure 434 Jtppear 
doubly distorted. ^ 

The same principle explains the 
phenomenon in Figure 405. What 
appear to be spirals are in fact con* 
centric circles. You can believe it 
without tracing the path followed by 
these apparent spirals. The illusion 
is due to the slope of the segments, 
which automatically compels the 
eyes to look towards the centre. 

Perspective, To see a body in per* 
spective means to see it not only two- 
dimensionally in one plane, but to 
perceive it also in its third dimen- 
sion, in depth. This is an art which 
the child learns relatively late. Our 
spatial picture is even less of a direct 
perception than are our other visual 
impressions. Space perception is 
rather a judgment based upon a 
large number of impressions that 
have been carefully weighed against 
one another. It is in a way anaio* 



Fig. 422. These diagonal lines appear to 
be deflected, but are really paralleL 


gous to the legal \)unA on tlie basis 
of circumstantial evidence. W e judge 
the distance of a house (i) bv die 
relation between its actual si/c, 
which we know, and its apparent 
size as we see it; (u) l)y the distinct- 
ness of its detail — for instance, 
whether or not we still sec the joints 
between the bricks; (3) by our aliility 
to distinguish angies-"4or instance, 
whether (as in the case of a haibo|.)en 
door) we are able to see the angle 
which we know it must form with 
the door-post; (4) by the percepti- 
bility of depth. Huts, for example, 
vvhetlier a motor-car stainling be- 
fore a house can still be distin- 
guished from its background, or 
wlicthcr it appears to be attached 
to the liousc. ... it is on the basis 
of ten or twenty such partial judg- 
ments arrived at with lightning 
speed that our opinion is formed. 

More difficult to acquire is the 
ability to see in perspective some- 
thing which does not otx.upy depth, 
but is spread out on a fiat paper or 
canvas surface, it is entirely com- 
prehensible that, the first painters to 
introduce perspect ive into ilieir 
paintings must have been regarded 
as swindlers by their contcinptnarics, 
who attempted to seize the objects 
apparently located behind the can- 
vas. Yet these primitive aUemi>ts at 
perspective, with their numerous 
mistakes and inadequacies, ap}>ear 
childish to us now. 

To draw an object in pers[>ectivc 
means to represent it in such a man- 
ner that not all the parts ap[K'ar to 
possess ecjual value. Those parts 
which are intended to create an 
impression of proximity should 
strike the eye and he looked at hrst; 
then the gaze should wander auto- 
matically from these “ nearest ” 
parts to those farther away, and then 
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finally to the farthermost ones. The 
second rule of perspective is that of 
foreshortening, the third that of 
fading colours, the fourth that of 
foreshortened shadows, etc. 

How do you see the folder ” in 
Figure 425? If one’s glance starts 
at the central fold and moves later- 
ally, the central fold appears to be 
situated in front, and the folder is 
seen from outside. If one looks 
from the edges to the centre, the 
edges appear to be at the front and 
one sees into the interior of the 
folder. 

Light and Shade 

If one’s glance passes from the 
small square to the large one in 
Figure 426, the small square appears 
to be in front, like a lamp shade 
viewed from the top. On the 
other hand, if. one looks at the large 
square first and then at the small 
one, the former seems to stand out 
in front, creating the impression of 
an empty room in perspective. 

We are acquainted with the fact 
that light comes from above and con- 
sequently judge that light surfaces 
look upwards, while dark shadowy 
ones are in the “depths. In Figure 
427 (A) we see three cubes and in 
(B) five cubes. If the book is turned 
upside down, (A) has five cubes and 
(B) three. However, by turning the 
book slowly and concentrating on 
(B), the visual image of five cubes 
is retained. They appear to be hang- 
ing from a ceiling and to be illumin- 
ated from below. Yet if the eyes are 
shut only for a second, this forcibly 
retained visual image is displaced by 
the usual one and we again see three 
cubes instead of five. By occupying 
oneself for a longer period of time 
with this drawing so that the appear- 
ance of the cubes illuminated from 


below has !)ecome familiar and can 
be reproduced, one acx|uireH the 
ability to see at will in each drawing 
three cubes iliuniinated from above 
or five illuminated from l)elow. 

We judge that iigiu conies from 
above and that con.secfuently the 
picture (A) in Figure 4 28 represents 
a cross in relief, while (B) is its nega- 
tive. Turn the book upside down, 
however, and the impression changes. 

The IVorld Stands on Its /lead. 
The greatest of all sensory illusions 
has not yet even been mentioned: 
we see the world upside down as in 
a camera. If we look at the view 
through the ground -glass focusing 
screen of a camera [Fig. the sky 
is below, the pavement appears 
above, the motor-cars ride along the 
ceiling, so to speak, and the shop 
signs, posters and other advertise- 
ments are upside down. I'his is how 
the image of the world appears on 
the retina. We do not read this 
page from the top downwards, as we 
think we are doing, but instead from 
the bottom upwards; wc do not read 
from left to right, but from right 10 
left. The world is upside down. We 
no longer marvel at this, because we 
learneci about it by experience dur- 
ing the first mouths of life. During 
this period we learned that what 
appears to be right is not really right, 
but left instead; by grasping a milk 
bottle we discovered that it was not 
actually inverted as we saw it, but 
that the mouth pointed upwards. 

An Inverted World 

Similarly, we soon learned that 
people do not walk on the ceiling 
and that the chandelier does not 
grow out of the fioor. An American 
scientist put on a pair of glasses 
which inverted his view of the world. 
The images which appeared on his 
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Fig. 425. This folder appears to present 
to us its outside or its inside surface, 
according to whether we regard first the 
central line of the drawing or the edges. 


Fig. 426. If we look at the small square 
first, it seems to project forward. If the 
large square is regarded first, the figure 
appears to be hollow. 


Fig. 427. The picture ( A) appears to contain three cubes and ( B) five cubes. On 
reversing the book, (A) appears to consist of five cubes cmd (B) of three cubes. 
On turning the book slowly, however, three cubes are seen in (A) and five in (B). 


Fig . 428. He are accustomed to light coming from above, and so the picture (A) appears 
as a cross carved in relief and ( B) its negative impression. If the book is turned round. 
■ however, it will be seen that (B) is merely (A) printed upside-down ' 

M.S.F. — T’*' 
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retina occupied exactly the same 
position as they did in the external 
world. But he was not accustomed 
1,0 viewing the world “ correctly 
objects were not in their usual posi- 
tions, with the result that he was 
attacked by a kind of “ seasickness.” 
He no longer knew how to gel 
through a doorway. People who ap- 
proached him seemed to be hanging 
from the ceiling. He was unable to 
shake hands wdth them, and in the 
street he was overcome by a para- 
lysing fear of objects, all of which 
seemed to him to be coming from 
wrong directions. Gradually, how- 
ever, he became accustomed to view^- 
ing the world in an inverted man- 
ner. After several wrecks he w^as able 
to move about as confidently as be- 
fore, and when he took off the 
glasses, several hours elapsed before 
he was able to adjust himself to the 
usual view of the w^orld. 

Vision is not a physical process 
like photography, but rather a psych- 
ological experience. It is not the 
eyes that see, but the brain. The 
eyes are only physically functioning 
receptor apparatuses, but the trans- 
port of the image to the brain is 
rather a biological action, and 
vision itself is a psychological pro- 
cess that takes place in the occipital 
cerebral cortex, as shown in Figures 
295 and 296. 

Seeing and Judging 

We commonly believe that we see, 
but actually we form judgments. 
The decisive factor is not w^hat the 
lens projects on the retina, but 
rather what the cells of the cerebral 
cortex think about this retinal im- 
age. The image on the retina bears 
the same relation to vision as a book 
to its reader. Just as two people, 
even when they read the same thing, 


never have the same thoughts while 
they are reading, so their gaze may 
fall upon the same of)jccl, f)ut each 
one may sec something different — 
namely, that which the occipital cor- 
tical cells perceive u})on the arrival 
of the optical stimuli, or, expressed 
more precisely, the sensations which 
they arouse in the neighbouring 
areas of the brain [Fig. .jgo]. 

Colour Vision 

The Spectrum: If one arranges 
rays of light in the order of their 
w^ave-lengtirs, it is found that the 
human eye pen:ei\es the w’avc- 
lengths between 0.^,8^ and 0.65/x 
(/X = 0.001 mm.) as light, llie rod 
cells in the peri]>hery of the retina 
are more piiotosensit ive than the 
cones in the centre. However, their 
capacity for discrimiiiation is 
markedly inferior, since they can 
distinguish only brightness and dark- 
ness. The cones of the central fovea, 
on the other hand, perceive the in- 
dividual w’ave-iengtlis as colours. 
Man perceives sewen colours in the 
spectrum: red, orange, yellow, 

green, bine, indigo, and violet. 

Colour I'oues, On ptiuring 
black coffee into a cup, erne sees a 
dark-brown fluid. If water is added 
the brown colour does not disappear, 
but it becomes lighter, llnough 
the constant addition of water the 
colour of the fluid becomes lighter 
until eventually the brown tone dis- 
appears, The degree of deptli of 
lightness cxhibiteci by a colour is 
called its shade or tone. Light rays 
of a certain wave-length produce a 
certain colour — for example, cause 
us to have the feeling "red” — and 
this colour will be produced as long 
as light of this wave-length acts on 
our retina. \et tiie red mav be 
/deepened to the darkest bloocl-rcd 
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or made weaker until it is an cx- lakes and mixes a pair of comple- 
ireineiv delicate pink. These shades inentary colours, the mixture will 
or tones of a particular colour are not produce any new colours, but in- 
due to the fact that all colour sensa- stead a dirty grey. If a white sheet 
lions contain some admixture of of paper is put in, front of either 
black and white. Tiie darker a Figure or Figure 393, after one 
colour, llic closer it is to black; the has looked at them for a long time, 
lighter a colour, tiie nearer it is to the white areas will appear black lie- 
white. causethefatigucdeycnolongcrpei- 

CompJem<nii(ir\ Colours. If cer- ceives wdiite. If coloured sheets of 
tain pairs of colours arc caused to paper are used, the after-image will 
combine in the correct proportion, appear green on a red |>apcr, yellow 
wliite light is produced. Thus red on a blue one, etc. 'Fids result is 
and !>lue-green when mixed cor- iioderstandabie in terms of the 
redly form white light; so do yellow colour formula: red -f green ~ 
and violet. Sucli pairs are called white. Accordingly, red -wliite — 
complementary colours. gLeen, and blue - white =: yellow. 

The Coloured After-hnuge. One Colour Contrast. If the retina is 
can easily convince oneself of the .stimulated by two separate impres- 
cxislence of coin})lementary colours sioiis, any dillerenccs between the 
!)v the following experiments. If impressions will be accentuated. A 
from the colours in a paint-box one red stamp placed on various 


Fig. 429. The greatest of all delusions. The human eye actually sees the world as an 
inverted mirror image. By means of a psychological correction, which is practised from 
an early age, we turn the image round, bringing it into correspondence with reality. 
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coloured surfaces will appear pale 
red on an orange surface, a deep red 
on yellow,- and on green the colour 
of the stamp becomes a fiery red. 
Also two colours of difl'erent wave- 
length appear, under the influence 
of contrast, to undergo a change in 
the direction of the complementary 
colour. If one looks for a consider- 



Fig, 430. Vision is largely a psychological 
process. If we concentrate on the white 
surface we see a vase; if we concentrate on 
the black surface^ we see two heads, 

able time at a red stamp on a white 
paper, the eye becomes fatigued for 
red, with the result that the paper 
presents a greenish tinge to the eye 
(white- red = green). If the red 
stamp is placed against a black back- 
ground, the black colour acquires 
a dirty greenish tinge. For this 
reason cheap prints, in which 
the colours are printed carelessly 
upon one another so that they over- 
lap, appear dirty. 

Theories of Colour Vision, All 
colours can be prepared from the 
three primary colours red, blue, 
and yellow, from which are produced 
the secondary colours violet, green, 
and .orange. The colours of flowers 
in nature are derived from 
combinations of pigment granules 
having the three primary colours. 



red, blue, and yellow. Films 
for colour photography work with 
three elements, and similarly all 
natural C()lours may be reproduced 
by the “ three-colour (i.e. ycllow- 
red-bluc) process” (+ black 
four-colour process). On the basis 
of these practical experiences it is 
assumed that the retina also works 
with three colour elements and con- 
tains cones sensitive to red, green, 
and violet. However, since this 
hypothesis by no means explains all 
the phenomena of colour vision, a 
newer theory assumes that three 
photo-chemical substances aie con- 
tained in the retina, each of which 
is broken down or built up chemi- 
cally by light stiimdi. This theory 
postulates a white-black substance, 
a yellow-blue substance, and a red- 
green substance. According to this 
theory the sensation of red is the 
result of breaking down the red- 
green substance, green the result 
of its being built up, and similarly 
for the other substances. But this 
theory is likewise unable to account 
for all the problems of colour vision, 
with which both Newton arid Goethe 
occupied themselves for decades. 

^ The Limits of Colour Vision. 
Only the cones in the centre of the 
retina see colours; • the rods in the 
periphery are colour-blind. But not 
all the cones are equally sensitive to 
all colours. Studies undertaken to 
determine the boundaries of visual 
sensation have shown that the ability 
to perceive different colours is un- 
equally distributed over the retina. 
The periphery of the visual field is 
sensitive only to black, white, ^md 
grey. The areas for blue and yellow 
cover the entire visual field except 
the periphery, while the fields for 
red and green sensation are the small- 
est, being restricted to the ceriirai 
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portion. Evidently, then, the cones 
in the central part of the visual field 
are sensitive to all colours, those 
farther removed from the centre are 
sensitive to all except red and green, 
and the peripheral margins which 
lack cones are insensitive to colour, 
being able to distinguLsh only light 
and darkness. 


Colour-Blindness. Colour-blind- 
ness may be defined as an ab- 
normality or defect of colour vision 
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appear as various shades of yellow- 
grey, and it is on the basis of these 
shadings that a colour-blind person 
difierentiates them. Of the males 
with defective colour vision four per 
cent are completely red-green blind, 
while six per cent exhibit only a 
weakness of colour vision. Slight de- 
crees of colour-blindness remain un- 

O ^ 

noticed not only by his associates 
but generally even by the affected 
person himself. A person with de- 
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Fig. 431. The above diagrams illustrate the abnormality known as colour-blindness. 
In a person possessing normal colour vision (Left) the three colour elements (red, green, 
violet) are stimulated separately and individually. In a colour-blind person (Right) the 
green element tends to coincide with the red element, both being stimulated simultane- 
ously, so that neither red nor green is seen, but only red plus green, producing grey. 


whereby certain colours fail to 
ai'cnse the sensations which they 
produce in normal eyes. 

Figure 431 is a diagrammatic re- 
presentation of the colour theory. 
The eye sees red-green-violet (peaks 
of the curves), and the constituents 
of these three colours comprise 
the colours in the spectrum. 
Among approximately ten per cent 
of all men — among women less than 
one. per Tent — the two curves red- 
green have been shifted so that they 
areTiiore 'or less, congruent; that is, 
rays of red light simultaneously 
stimulate the elements of the retina 
that are sensitive to green, while 
green light acts simihuiy upon the 
red elements. Consequently, such 
an individual sees neither red nor 
green but onlv a more or less yellow- 
ish grey (in accordance with the 
formula red -h green ™ white). He 
is red-green blind. Fie sees blue, 
vellow, and violet. Red and green 


fective red-green vision learns at an 
early age to distinguish beUveen red 
and green, although he sees both as 
a greyish yellow. His judgment is 
not based on colour, but on tone and 
luminosity. If such a person has not 
been scientifically tested he can even 
work undetected as an engine-driver 
or a pilot, because the green signal 
lights possess an entirely different 
luminosity from the red lights, and 
this enables him to distinguish be- 
tween them. 

It was not uiitil the latter part of 
the nineteenth century that colour 
tests were introduced for locomotive 
drivers. I'hc researches of Holmgren 
in Sweden in 1877 and of Benjamin 
Jeffries, of Boston, in 1879, placed 
such tests upon a sound scientific 
basisi From that time onwards, 
standard tests for colour-blindness 
have been universally imposed upon 
employees who have to distinguish 
coloured lights, hags, and signals. 




THE MOxMENT OF CONCEPTION 

Fig. 432. The male sperms ascend from the vagina (1), through the neck of the 
womb (2)^ into the womb (3), Propelled onward by the cilia (4)^ they traverse one 
ojf the oviducts (5, 6) and reach the egg (7). Other sperms enter the opposite ^ empty 
oviduct (8) and may escape through it into the abdominal cavity (9), 
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CHAPTER XLIIl 

Reproduction 

THE SEX GLAND. THE SEX CELLS. MALE AND FEMALE. THE TESTICl.KS. 
SEMINIFEROUS TUBULES. SPERM CELLS. THE EPIDIDYMIS. THE 
URETHRA. THE PENIS. SEMEN. IMPOTENCE. THE HYMEN. THE 
VAGINA. THE UTERUS. PREGNANCY. BIRFH. THE OVIDUCTS. 
THE INFUNDIBULUM. STERILITY. EXTRA-UTERINE PRECJNANCY. THE 
OVARIES, MENSTRUATION AND CONCEPriON. 


1. THE MALE 

T he life of man begins at the energy lasts for about twenty years. 

moment when the paternal Then growth ceases. As long as the 

sperm cell unites wnth the maternal body cells gTow% they inhibit the 

egg cell to form the egg-sperm cell energy of the sex gland. After this 

that will become the chikl [Fig. 4 inhibitory influence has been re- 
(a)]. Througii the union of the two moved, the sex gland begins to pro- 

chemically different cells an other- duce sex cells (f). Just as the human 

wise unknowm vital enei'gy is de- body consists of two parts, J body 

veloped. llie egg-sperm cell divides ceils and sex gland, so a liuman 

.rapidly into 4, H, lO, 3^1, and life is composed of two lives: the 
{inallv iiuo thousands of millions of hrst comprises the period of yoiitli 

cells, thus giving rise to man. Not and is characterized by growl ii, the 

all the ceils participate in the de- second is the period of maturity with 

velopmeni of the body, however. Of the production of sex cells. During 

t!ie first four ceils, one is retarded youth the body cells multiply while 

in, its growth (b). 'This quarter of the sex cells resli At ilie lime of 

the body which is laid aside during maturity the sex cells multiply and 

the ffrst hour of human development the body cells rest, 

forms the sex ceils (c), and in its The Cells -^Bearers of humor- 
totality the sex gland (d). Each of taUty, of the division of 

the lour primordial cells possesses the body into body cells and sex 

a certain supply of energy like a cells, man is not a miilary organism, 

charged su>ragc battery. I'he three but a kind of double creature, 

body cells use up this energy during consisting of himself and his sex 

youth: witli it they build up and cells; because of this separation he 

develop the !)odv (e). llieir growth lives two lives that follow each 
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Fig. 433. A human being springs from the union (a) of a sperm cell with an egg. Of 
the first four cells (b)^ three are used for the development of the body^ while the fourth 
remains unchanged as a sex celt. During fmtal life (c) and childhood (d) the body 
cells grow rapidly, while the sex glands remain comparatively quiescent. With the 
onset of puberty (e) the sex cells begin to divide and increase, forming semen in boys 
and giving rise to menstruation in girls. One of the sex cells thus produced becomes 
fertilized (f), and the cycle of development begins anew. 


other like the voices in a canon. The 
first life, the life of the body cells, 
or youth, is lived for ourselves; the 
second life, the life of the sex cells, 
or maturity, is lived for the 
‘"species,” the generations to follow 
us. The sex cells do not belong to 
us who bear them, they do not be- 
long to an individual, but father to 
the entire species. They are a legacy 
received from our forefathers which 
we have to pass on to our descend- 
ants. The sex cells are the truly im- 
mortal in us, as Plato already sensed 
when he wrote: "/The mortal crea- 
ture harbours an immortal element: 
the power of procreation.” 

The Basic Plan of the Sex Organs. 
The fundamental plan of the sex ap- 
paratus is very simple. The sex ap- 
paratus consists of the totality of 
sex cells, which have been combined 
to form the sex gland, and a tube of 
mucous membrane, the sex canal, 
which transports the mature cells 
out of the body. The latter struc- 
ture opens into the region of the anal 


orifice. Among lower animals these 
two openings empty iriio a common 

cloaca in higher creatures they 
are separated. 

At first the sex glands are situated 
near the kidneys in the middle of 
the body, so that the sex canal runs 
dowmwards in a straight line (6 
o’clock position) [Fig. 435 (a)]. In 
the course of embryonic develop- 
ment they wander downwards. If the 
embryo is a female they slop midway 
in their wandering, and tiie sex canal 
forms a right angle '(6.15 position) 
(b). If the embryo is a nude, they 
continue to travel dowinvards until 
they are suspended at the inferior 
end of the trunk diametrically op- 
posite the position from which they 
started (6.30 position) (c). 

The Male and the Female Sex Ap- 
paratus Are Congruetit. The basic- 
plan of the male and the female sex 
apparatus is the same, and this cor- 
respondence is retained even after 
full sexual development. To express 
it mathematically, they are equal 
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quantities with inverted signs. The 
male sex apparatus is the positive 
mould and the female apparatus the 
negative of the same basic pattern. 
They correspond like lock and key, 
or a plastic figure and the matrix in 
which the figure is moulded [Fig. 
456 (Top)]. The sex glands are 
similar in shape and size. They are 
called testicles in man and ovaries 
in woman (a). The male sex cells are 
called sperms; those of the female, 
eggs. Two ducts (b), which originate 
near the sex glands, transport the 
cells to the outside, and are known 
as the seminal ducts in the male, as 
the oviducts (tubes) in the female. 
They meet in the mid-line of the 
body, forming a hollow organ. This 
organ is called the prostate in man 
and the uterus (womb) in woman 
(c). In the woman the excretory duct 
for the sex cells (d) remains within 
the body, while in the man it pro- 
trudes outside the body. In the 
woman, whose function it is to re- 
ceive the male organ, the duct be- 
comes wide and the walls thin, so 
that this part is called the vagina, or 
sheath. In the man the duct remains 


narrow and the walls become thick, 
thus producing the penis. 

T he External Genitals. That part 
of the sex apparatus which can be 
seen externally is called the external 
genitals. Despite the fact that they 
appear so difierent, the external 
genitals are not fundamentally 
different. They ai'e but two greatly 
differentiated terminal forms of one 
and the same basic pattern [Fig. 436 
(Bottom)]. During early pregnancy 
one cannot tell outwardly, even 
when genitals have already ap- 
peared, whether a human foetus will 
become a boy or a girl. In both cases 
one observes the same basic form 
(a): above, a tubercle, beneath it a 
cleft, and two swellings laterally. 
The male genitals develop by the 
tubercle becoming large and thick, 
forming the penis (b), and the cleft 
closing almost completely, leaving 
only the tiny opening for the 
urethra. Later the testicles wander 
into the lateral folds and in doing 
so stretch them, producing the scro- 
tum. In a girl (c), the tubercle re- 
mains small and becomes the clitoris, 
the cleft remains open, forming the 





Fig. 434. The ceils that form the human body are transient and die eventually. The 
sex cells, however, live beyond the life of the Individual, bearing the immortal hereditary 

element which passes from one generation to another as the persistent element of life. 
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vagina, and the folds become the 
labia. 

The Testicles. During the last 
weeks of embryonic development the 
male sex glands leave the abdominal 
cavity through the inguinal rings 
and are suspended in a skin sac, 
the scrotum. The testicles are the 
only visceral organs that leave the 
abdominal cavity and exist outside 
it throughout life. Despite a great 
deal of discussion no satisfactory ex- 
planation has yet been found for this 
very remarkable fact. Owing to the 
wandering of the testicles the 
seminal ducts are elongated and de- 
scribe the remarkable curve which 
can be traced in Figure 4^8 (1, 2, 3 
and 4). 

Masterpiece of Packing 

The Seminiferous TuhuJes. Each 
testicle contains about a thousand 
seminiferous tubules; the initial por- 
tion of each tubule is closed, forming 
a blind end [Fig. 439 (1)]. Take 
a spool of yarn and tear off a thread 
about one yard in length; now you 
have a model of a seminiferous 
tubule, since each one of the semini- 
ferous tubules of a testicle is as long 
and as thick as this thread. The ac- 
commodation of one thousand 
threads, each a yard long, within 
the small space of a testicle is a true 
masterpiece of packing technique, 
and it is indeed worth while to ob- 
tain a testicle of an animal from a 
slaughterhouse and to study it. The 
tubules are rolled together spirally 
like yarn on a spool; a thousand 
small spools are packed together in 
a gland as large as a plum. The 
total length of the seminiferous 
tubules in both human testicles is a 
mile and a quarter. If one cuts a 
section of such a thread, about 
inch thick, and places it under a 


microscope, a picture such as that 
at the top of Figure .137 is revealed. 
About two million sections could be 
cut from both human testicles, and 
if each were to be represented u.s 
large a.s this illustration, three thou- 
sand volumes as thick as this book 
would have to be printed with one 
picture on every page ! 

Growth of a Sperm 

The Sperm Cells. In Figure 437 
one can trace the development of 
the sperm cell frotu its first appear- 
ance to maturity. AI><>ve, one sees 
the aforementioned cross-.section 
through a seminiferous tubule. At 
the right, next to it, the six stages, 
numbered (1) to (h), in the develop- 
ment of a single cell can be traced. 
A thread begins to grow out of the 
spherical mother cell (i) from its 
motor centre, the centriole (i»). At 
the same time the cell becomes elon- 
gated, and the nucleus moves from 
the middle of the cell to its anterior 
pole (3). Both the thread and the 
cell stretch farther (4), until linally 
the thread has used up the entire 
protoplasm of the cell for its growth 
(5), so that the completed sperm 
thread consists only of the former 
cell nucleus and a long tail witli 
a complex structure, which trans 
ports ihe sperm to its destination b\ 
means of wriggling movements (6), 

Nutritive Cells 

In the upper picture these six de- 
velopmental stages may be I'ouikI 
along the radii of the corresponding 
numbers. However, one must look 
for them, because the sperm ceils 
are pushed into the centre of the 
canal by the proliferating masses of 
cells during the process of matura- 
tion. 7 Tus each further stage is 
somewhat more centrally located 





.than, the previous ' one. ' .After the 
cells have used up. their .protoplasm 
for the. construction of the. tail, they 
stick their heads into the substance 
of the nutritive mother cells, which 
are seen to the right and left of num- 
Ijer (4), just d,.ike an infant at its 
niother’s breasts. T.h.e mature sperm 
cells lie in the central space of the 
tubule. 

The Epididymis, As a result of 
the constant production of cells the 
mature sperm cells are slowly pushed 
forward through the seminiferous 
tubule and finally out of the testicle 
into the epididymis [Figs. 438 and 
4559 (jg)]. lire epididymis is a reser- 
voir for sperm cells, and is also a 
masterpiece of packing technique. 
Here a tube five yards long is folded 
until it is only two inches in length. 
For a sperm cell, which is one of the 
smallest ceils in the body, five yards 


is a tremendous distance — as far as 
120 miles for a man. The sperm cell 
is pushed forward along this entire 
distance, because in this as well as 
in the next section it is still immo- 
bile. 

Male Secretions 

The Seminal Vesicles and the 
Pros kite. From the epididymis the 
sperms are pushed into a tube, called 
the seminal duct (3), which conducts 
them up into the abdominal cavity. 
Having reached the abdominai 
cavity, the two seminal ducts unite 
at the base of the bladder and enter 
the urethra (4). Up to this point 
the spermatic mass, or semen, is a 
dry crumbly substance, somewhat 
like the powder used to make pud- 
dings. I\h.)w it conies into contact 
with the fiuids of the seminal vesicle 
(a) and the prostate (4). The 
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Fig. 435. The descent of the sex giandik In the embryo (a) the sex glands are at first 
situated at the point of origin, perpendicularly over the orifice of the sex canals (6 d' clock 
position). In the body of the developing female embryo they pass downwards and 
sideways until eventually (b) they are in a horizontal plane (6.15 position). In the 
male (c) they continue to travel downwards, until they emerge from the body by way of 
the inguinal rings, being suspended below the original sex opening (6.30 position). 
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seminal vesicles produce a viscid, 
yellowish fluid, containing gelatin- 
ous globules resembling swollen sago 
granules. The product of the pros- 
tate is a milky secretion, containing 
a substance called sperm in, which 
has a fish-like odour. The pike-like 
odour of ejaculated seminal fluid is 
due to its spermin content. The 
mixture of the prostatic secretion 
with the gelatinous mass from the 
seminal vesicles gives rise to the 
seminal fluid, in which the crutnbly 



organs correspond in their basic structure 
as well as in the basic form of the external 
genitals. ( Below) Thus the indeterminate 
genitals of the embryo (a) may develop into 
those of a male infant (b) or of a female 
infant (c). The female sex organs are the 
negative mould of the positive male organs. 


cell mass is dispersed like a pudding 
powder in the gelatinous solution, 
and now the sperm cells become 
motile. 

The prostate (4) contains not only 
glands but also numerous muscle 
fibres, which surround the beginning 
of the urethra, so that it is not 
squeezed or torn by the filling of the 
bladder or the swelling of the penis. 
At the same time the muscle fibres 
act as a valve mechanism which shuts 
off the urinary bladder so that the 
seminal fluid will not come into con- 
tact with the urine, since the add 
of the urine damages the sperm cells. 
During sexual excitement, the 
muscle fibres of the prostate con- 
tract, closing off the urinary bladder. 
Not until sexual excitement has sub- 
sided does the muscle relax, and the 
bladder can then be emptied. 

Mucous Glands 

The Urethra. The urethra (5) is 
a long, delicate tube which passes 
ingeniously through the penis the 
length of its long axif^. Since the 
penis stretches during sexual excite- 
ment, the urethra must also be cap- 
able of extension and distension. 
For this reason the wall of the 
urethra is not smooth like a rubber 
tube, but folded like the bellows of 
a camera [Fig. 440 (e)]. In cross- 
section the folds form a star-.shaped 
figure [Fig. 439 (5)], while along the 
longitudinal axis the folds lie one 
behind another like the folds of an 
accordion. The wall of the urethra 
contains many mucous glands, of 
which two particularly large ones, 
Cowper’s glands, lie directly in front 
of the prostate [Fig. 438 (b)]. Dur- 
ing sexual excitement these glands 
secrete an alkaline glairy mucus, 
which neutrali2es the traces of urine 
remaining in the urethral folds, thus 
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FtG. 438 The design and mrangement of the male sex organs. Main structures ( 1-5 ) : 
( ) the testicle, containing about a thousand seminiferous tubules in which the sperm 
ce s are produced; (2) the epididymis, in which mature sperms are stored; ( 3) the 

f into the abdomen; (4) tlw prostate 
secretion and also acts as a “muff" for the urethra ■ 
(5) the urethra, which passes through the centre of the penis. Accessary structures (a-di- 

(a) seminal vesicles, which contribute to the semen a secretion of unknown function- 

(b) Cowper s glands; (c) mucous glands of the urethra; (d) corpora cavernoia of thl 



Fig. 439. Enlarged section showing the structural details of the male sex organs. 
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creating* an acid-free path for the 
sperm cells. 

The Pefiis. The penis is a skin 
cylinder, about as long as a finger. 
When at rest it is pendulous and 
ffaccid. The urethra passes through 
the penis along its long axis and ter- 
minates at the mushroom-shaped 
tip. Because of its appearance, the 
tip of the penis is known as the 
glans, which means the acorn; it is 
separated from the shaft by a groove. 
The glans is covered by a ring- 
shaped fold of skin called the fore- 
skin, attached to the groove of the 
glans like a collar around the neck. 

Circumcision 

The inner side of the foreskin 
facing the penis contains sebaceous 
glands, which secrete a sebaceous 
matter, the smegma. This secretion 
contains odorous substances which 
among animals act as sexual, ex- 
citants. Musk, for instance, is a 
secretion of the preputial glands of 
the musk deer when in heat. Many 
nations, comprising a total of two 
hundred million people, remove the 
fore.skin by circumcision. For various 
reasons this is a hygienic measure; 
in its origin, however, it is not based 
upon hygienic considerations, but is 
believed to be a relic of the ancient 
practice of child sacrifice, which at 
one time was widespread among a 
great many peoples. 


would not suffice for the erection of 
the.' penis, sovthat: this change in 
size> tension, and position is xarried 
out- by. 'means of an extremely' inter- 
esting and complex iiiechanisni. 

Mechanism of Erection 

The interior of the penis, the 
space between the urethra in the 
centraTaxis and the cutaneous wall 
of the penis, is filled with three cigar- 
shaped chambers, called the corpora 
cavernosa, which can be compared 
with the gas chambers of a dirigible. 
They can be seen in Figure 458 be- 
tween (c), (d), and (5). In Figure 
440 (I), one sees the inferior corpus 
cavernosum together with the 
urethra (e) in a state of rest, and in 
(II) during erection, when the organ 
is filled with blood. The corpus 
cavernosum consists of connective- 
tissue chambers, the walls of which 
contain numerous blood vessels. 
When at rest (I) they are contracted 
and permit only traces of blood to 
pass through, so that the chambers 
remain empty. In this condition the 
walls of the chambers lie close to- 
gether like the folds of a closed 
camera, so that the blood vessels in 
these walls describe sharp curves 
that are very close to a complete 
break in continuity (a). 

“Cork’’ Cells 

Secondly, the walls of the vessels 
contain thick cells that act like 
corks (b). Thirdly, when at rest the 
vessels are contracted by the tonus 
impulses of the nervous system (c). 
Under the influence of sexual ex- 
citement the contracted vessels re- 
lax, the “ cork cells become smal- 
ler, and the blood flows without 
hindrance into the vessels (i) and 
then through (^) into the chambers 
of the corpora cavernosa. Owing to 
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Fich 440. The erection. At (I.) is a cross-section of the penis when in a state of quiescence, 
its blood vessels only partially filled with blood. It is soft, flaccid, and wrinkled externally. 

nit erection f //y, the vessels fill rapidly with blood, as a consequence of nervous 
^dmulation, thereby distending and stiffening the organ in readiness for intercourse. 


metiL subsides, the vessels (i) begin 
to contract again, the blood leaves 
the penis slowly through the hinnel 
veins (3) and, finally, when the pres- 
sure against the peripheral veins {P) 
has relaxed. Hows rapidly through 
the large dorsal vein (4). 

The Ejaculation of the Semen. 
Tlie semen is evacuated by a series of 
s}>asniodic contractions of the genital 
tube. The filling of the testicle with 
semen creates a feeling of tension; 
the expulsion of the sperms relaxes 
this tension. Tlie wiiole process itr 
duces strong pleasure sensations. This 


apart so that, unlike the thin over- 
flow veins of the periphery, they 
open during an erection and permit 
the blood to leave (3). To prevent 
too much blood from flowing out, 
they contain funnels through which 
the blood flows in a thin stream dur- 
ing the erection. As sexual excite 


outflow veins are closed during an 
Hon. These veiirs originate in 
especially ihin-walled periplieral 
ambers (f), wliich are open when 
organ is at, rest, and supply the 
tissues with nutriment. During 
erection, ho^vevel^ they are compres- 
sed by the pressure of the blood (P). 
ol>viate the risk of exce.ssive 
cIHng of the penis which might 
cause pain, special overflow veins 
arc present (3). They are situated 
in the central walls, which are not 
compressed by the pressure of the 
, but on the contrary are pulled 


the expansion of the chani])ers the 
conmx, live-tissue ** guy ropes of the 
utethra arc tamenetl in all direc- 
lions, so that the urethra (e) itself 
likewist; expands witltout being com 
prttssed by the pressure of tiie blood. 
In Older to obtain a state of in- 
(leased pressure within the penis the 
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is nature's device to bring about a 
continual propagation of: the species. 
Upon examining a drop of expelled 
semen under the microscope, swarms 
of swimming sperm cells are seen, 
225 million ‘‘ primordial human be- 
ings ” wriggling about like eels. 
Each of these cells is laden with 


dilatation of ihe corpora cavernosa 
and the expulsion of the semen by 
means of the wave-like coni factions 
of the genital tube. This is known 
as. the, erection; centre, and. is .indi- 
cated in' Figure 452T .under . the 
lowest arrow in the spine. .The 
centre is controlled by ihe cerebral 


Fig. 441. The beginning of a human life — the union, inside the oviduct, of one of the 
sperm cells of the male with an egg cell of the female. In each ejaculation of seminal 
fluid there are many hundreds of millions of sperm cells, each of which is an active, living 
organism, capable of fertilizing a female cell. 


ihousands of genes, the hereditary 
elements of the species, and each one 
is qualified to become a human be- 
ing by uniting with the egg cell of 
a woman, as shown in Figure 441, 
which shows the act of fertilization. 

Impotence, Like all bodily activi- 
iies and movements, the erection of 
the penis and the ejaculation of the 
semen take place under the control 
of the nervous system. In the lum- 
bar region, approximately at the 
level where a belt crosses the back, 
the spinal cord contains a nerve cen- 
tre whose motor cells stimulate the 


cortex, which in turn is sliimdatc<! 
by sensory Impressions and iinagin 
ary ideas as well as by honnoues. In 
short, the erection of the penis is tlu^ 
result of the co-o})eration < 4 ' a large 
number of widely separated, inde 
pendent organs, and anyone whcj 
has understood the functioning oi 
this delicate mechanism will undei 
stand how easily it can be influenced 
by disturbances of all kinds. 

The inability of a man to carrv 
out the sex act because the erec tion 
of his penis is too weak or entirely 
absent is known as impotence. It is 
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a iiialacly, wfikli for very erection centre in the spinal cord 

obvious icasniis mars the lives of in- ' (almost always incurable), and the 
mtim'Ui!)lc men and endangers or v i'ar more IVequent psychological iim 
desiHps couiiflc.vs marriages. 'There potence, where the body is healthy, 
iut' vaiiuiis birms of impotence:.' ".biit'is inhibited because of psyciio- 
giiiiiiiir organic iiiipcHcncc due 'to'- logical 'reasons, such ;asJ:ea.r,^ 
fill’ ck'striiU ion oi (’xhaustioii of the' ' awkwardness a.ndiiio,rbid ideas of sin. 


H. 'THE FEMALE 

T i IF, hasi< plan <jl the fetnale sex of the labia minora contain two 
apparatus is represented dia' glands corresponding to Cowper’s 
ammaii(ally in Figures (an- glands in the male. 'Tliey are called 
uni<n \ieu) and ,||,j (lateral view).. Bartholin’s glands after their dis 
in i‘acli CUM' the diagram (aces a pic- coverer. During sexual excitement 
lure oi tlu^ organs us they are to be they produce a glairy mucus wln'ch 
iinnul in the IukIv, fa) itulicales the wells forth between the labia and 
two sex glands or the ovaries, (b),the. makes.- it; easier .for the male glans, 
ovidycih, or lubes, which unite liv ;. which. is' also cove.red with mucus, to 
flu: mid line with the uterus (c). At be inserted smoothly into the vagina, 
ul) I lie lauc! opens iino the vagina The urethral orifice (o) lies in the 
to), winch in turn cotnnumicates anterior upper corner between the 
wiilt ilu‘ Mirlace of llie body (I). labia minora. Al)ove and in front 
Here aie to be found die external of .the urethra! orifice lies the 
grnitab: the tiinnis (i), the labia clitoris (i). The clitoris corresptinds 
iniuoia ami majora (g am! h), and to the male penis, and like it the 
tile \aginai murance (1), half dosed clitoris is filled widi cavernous tissue 
f>\ die In men. ihtraliel to the sex which swells during sexual exciie- 
( anal is dn* urittarv canal, consi.sting merit, enabling it to emerge to a 
of liu* liladdci (1), the urethra (n), greater or lesser degree from its hid- 
and the nrelhrai oiilice (o). ing-placc. Similarly, die vaginal cn- 

lliv txirmal (Initials, The two trance is also padded with cavernous 

lateral sex ^wdIings whidi corre- tissue (k), which sw^eils during sexual 

spotid to the male scrotum develop excitement, thus narrowing the 

as two pairs of skin (olds, the outer vaginal entrance, 

labia majora (!i) and the inner labia The Hymetu Except for a cem 
miiiora (g). Since die two pairs of tral opening, the vaginal enlraiuc 
I labia bridge the transition between is dosed by means of a ring of 
the skin atu! the mucous membrane mucous membrane called die hymen 

of the \agitial canal, the labia rnajora (f). The opening in the hymen is 

have die same colour as the skin, circular or dliplical. The size of 

are drv, ami are covered with hair, the opening as well as the elasticity 

widle the labia minora, because of of the hymen vary greallv in ddler- 

dieir doser (onnection with the ent women. The lumen is a vestige 

vagina, are covered widi a moist red- of the atdntal past <,)f die iiuman 

disfi mucous membrane. I’he folds race. In pritneval times, when the 
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prehistoric ancestors of man still 
practised the animal form of copu- 
lation, where the male mounts the 
female from behind, the hymen, 
owing to its elasticity, served to press 
the penis against the clitoris during 
the sex act. After copulation, which 
was carried out in a standing posi- 
tion, it prevented the semen from 
flowing out of the vagina. This type 
of sexual intercourse probably did 
not cause a rupture of the hymen, 
particulaxdy as we may assume that 
it was much more strongly developed 
iji prehistoric times than it is at pre- 
sent, when it is usually torn during 
the first sex act. 

The V agina. Tht vagina is a tube 
of mucous membrane [Fig. 444 and 
Fig. 445 (e)], , approximately 

inches long, which extends from the 
vaginal entrance (f) to the external 
os, the entrance to the womb (d). 
The wail of the vagina continually 
sheds ceils that contain glycogen. By 
means of an enzyme the glycogen is 



Fig. 442. The arrangement oj the female 
sexual organs, as viewed from the front. 
The separate organs are: (a) ovary, (b) 
oviduct, (c) womb, (d) neck of the womb, 
■(e) vagina, (f) hymen, (g) labia minora, 
( h) labia majora, ( i) clitoris. Compare this 
diagram with Figures 443, 444, and 445. 


broken down to grape sugar, which 
serves as a nutritive medium for 
bacteria. Bacterial activity leads to 
the formation of lactic: acid, so that 
the vagina, like the stomach, con 
tains an acid secretion. 1 he lad it 
acid bacilli of the vagina, like ihosc 
of the stomach, form a bacterial flora 
which hinders the growth of other 
bacilli and prevents pathog^aiic 
organisms of the external world from 
ascending to the upper sections ol 
the sex canal. The bacterial Dora 
of the vagina is a woman’s best pro- 
tection agai ns t in feet i on . In >r t h i s 
reason habitual vaginal douches, 
especially with disinfecting agenls, 
are to be rejected as unnatural. 

The lactic acid of the vagina is 
also of great importance for fertiliza- 
tion. Sperm ceils are damaged by 
acids and consequently shun an acid 
environment. If a piece of vaginal 
mucous membrane is placed among 
living sperm cells, the latter .soon 
retreat from the membrane, leaving 
it isolated. Alkaline mucus drips 
from the uterus into the vagina, as 
seen in Figure 445 (d), and attracts 
sperm cells. After the sperm cells 
have been deposited by ejaculation 
in the posterior portion of the vagina 
at (x^), they flee from the acid vagina 
to the uterus, to which they arc at- 
tracted by the alkaline mucu.s. 

The Uterus, In order to obtain 
a plastic conception of the womb, no 
better model than a pear can be 
found. The uterus is a hollow, pear- 
shaped organ consisting chieflv of 
muscle fibres and lined with a 
mucous membrane containing many 
mucous glands. The broad massive 
portion (c) is called the body; the 
narrow part (d) is the neck. I'he 
uterus is suspended in the female 
pelvis with the neck downwards. 
The uterus is hollow. If a pear is 
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Fig. 443. The internal Jemale sex organs: (a) ovary, (b^) and (b^-) ov 
(c) womb or uterus, (m) the round ligament, which supports the womb, 
urinary bladder. By following the arrows near (b^), the passage of . 
raced from the left ovary into the open infundibulum and along the oviduc, 
the egg encounters an ascending sperm cell and fertilization takes place 
in this illustration agrees with that in Figs. 442 444 and 44 


cut open and the core removed one 
has a complete model of the uterus. 

Pregnancy. The uterus is the first 
hotel at which we stop in the course 
of our earthly journey. The station 
fiom which we set out on our life 
journey was the ovary [Fig. 443 (a)]. 
I hen we travelled over the cataract 
of the infundibulum (b“) to the ovi- 
duct and were carried down the 
oviduct by the ciliary movements 
of the cells that line it. At (x”) one 
of the most remarkable of all experi- 
ences occurred (Figures 432 and 
441). We met a swarm of sperm cells 
which attacked tis. One of the sperm 
cells, penetrating the egg, mixed 
its chromosomes with those of the 
egg, thtis forming an egg-sperm cell, 
d’his was the moment of our true 
birth, five minutes previously we 
were still the egg cell of a woman; 
at this moment, we became some- 
thing (luite different, a third being 
created by a man and a woman, a 


tiny human embryo, only ^ as 
large as a grain of rice, but already 
a complete entity. We rested for a 
short while, then travelled slowly on- 
tvards, and finally arrived in the 
uterine cavity [Fig. 450]. Here we 
settled in one of the deep hollows 
ol the mucous membrane, w'here %ve 
took root and established otirselves 
in the wall of the uterus. We grew, 
and because of the pressure of our 
growing body the uterus also grew 
larger. At the beginning of preg- 
nancy the uterus is hardly as large as 
a woman’s fist: about 3 inches long 
and weighing about 2.5 ounces, a” 
the end of pregnanct' it is as large as 
a pumpkin, extends from the vagina 
to the lungs, and weighs more than 
two pounds [Fig. 447]. 'J'he uterus 
grows by increasing its muscle sub- 
stance. Fach muscle fibre grows 
huger and gives off branches, so that 
by the end of the pregnancy the 
uterus consists of intricately and in- 
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geniously interlaced muscle fibres. 
At the same time the blood vessels 
increase in si/e and number until 
they surround the uterus like the 
serpentine locks of Medusa’s head. 

Birih. Imagine that someone has 
been able to grow an apple in a wine 
!)0ttle and now wants to remove the 
list-sized apple through the narrow 
bottle-neck without damaging it. 



Fig. 444. Diagram of the female sex 
organs as seen from the side, (c) Womb 
or uterus., (d) neck of the womb, (e) 
vagina, (i) clitoris, (k) cavernous tissue, 
(I) urinary bladder, with the urethra (n) 
and the urethral orifice (o). 

This appears technically impossible 
and it actually is impossible. Bio- 
logy, however, is not technology. 
The uterus is able to accomplish the 
apparently impossible. The wall of 
the cervix, or neck of the uterus, con- 
tains numerous glands. During the 
last months of pregnancy they pro- 
liferate to such a degree that finally 
no more firm tissue is left, and the 
wall of the cervical canal becomes 


as porous as a sponge ^Mg. 4.18 (e)]. 
Under ihc prcssiue of the ulmhu* 
■contractions, ihe diild iires.ses ujxHi 
this sponge, making it as Hal as a 
blotter (fj. At the same lime the 
uterus pulls it with every (ontiac 
tion just as one siren hes a rubber 
band, so that in the course of lour 
to ten hours the cervical canal, whidi 
is ordinarily as narrow us a kniiting- 
needle, expands until it is wide 
enough to accommodate tiie child 
head (g). 

The Ovid ur Is, or d'uhrs. loom 
the uterus [Fig. 44f, (<‘)1 the two o\{. 
ducts (bb b') pass laterally to the 
ovaries (a). The oviducts are two 
tubes, each about as thick as a pencil 
and approximately the length of a 
finger, lined wnth ciliated epithelium 
[Fig. 154). The movements of the 
cilia serve to guide and to stimu- 
late the movements of the sperm 
cells, since like fish in a stream they 
automatically oppose the current 
and consequently sw-im upstream. 
The egg, on the other hand, is car 
ried downwards by the current. Anv 
sperms that travel up through the 
uterus into the tube are attracted 
by the egg, and it is here* that fer- 
tilization, the union of <‘gg and 
spenm takes place [Figs. 4ga, 1, 444 
nnd 450]. 

The Tnlundibuium. 'flu- free, 
open ends of the lubes are widened 
to form ciliated funnels that 
resemble carnations. i’erhaps ii 
might- be even more apt to compare 
them with sea-anemones, since the 
infundibula engulf the egg coming 
from the neighbouring ovarv just 
as sea-anemones swallow their prew 
•When at rest JFig. 443 ([)■)], ihe in- 
fundibulum lies on the ovarv like 
a penwiper. When it becomc.s erect, 
as during intercourse, it forms an 
open goblet which prtxhu es a whirl- 



Fici. 445. The complete female sex organs, seen in partial cross-section. They are: 


(a) ovary, (b) oviduct, (c) womb, (d) mouth of the womb, with the alkaline mucus 
plug, (x^) spot where semen is deposited, (e) vagina, (f) hymen, (g) labia minora, 
(h) labia majora, (i) clitoris, (k) cavernous tissue; (1) is the bladder, (m) the rectum. 
The dotted lines at the edge of the vagina indicate the acid inferior and the alkaline upper 
areas. The arrows indicate the path followed by the sperm cells. 

pool by iiicans of its ciliated cells egg, or does not open, or is situated 
and sucks in everything in its neigh- too far from the ovary. Such women 
bourhood, including the egg (Ir). remain sterile, The egg which has 
Our first experience on our journey lost its way now wanders aimlessly 
dirough life is a daring leap from about in the abdominal cavity, 
the ovary into a dark whirlpool. Sometimes the sperm cells find it 
Sterility and Extra-uterine Preg- there, since they creep out of the 

tiancy. That this leap from the upper end of the oviduct and arc 

ovary into the oviduct is a daritig attracted to the egg. In ninety-nine 

one is proved !>y the accidents that out of one hundred cases the ferti- 

occur at this very iitiportanl starling- lized egg perishes in the abdominal 

point of life’s journey. In some cavity. It starves to death simply be- 

women the leap of the egg cells is cause it finds no j>lace where it can 

unsuccessful, because the ciliated settle. In rare, exceptional cases, 

funnel either docs not produce however, it does settle somewhere 

enough of a current to suck in the and commences to develop (imra- 



abdominal pregnancy). Much more 
frequent than an intra-abdominal 
pregnancy is a tubal pregnancy. The 
fertilized egg does not pass down- 
war-ds into the uterus, but settles 


open, funnel-shaped infundibula, resembling sea-anemones. The inset shows the feet us 
inside the womb. The umbilical cord can be clearly seen. 


proximately as large as a plum. 
Then the tube ruptures and begins 
to bleed. This bleeding is danger- 
ous because the blood flows unhin- 
dered into the large abdominal 


the ovaries [Fig. 4.43 (a)], lliese are 
two nodules as large as plums. The 
ovary consists of nothing but a mass 
of , cells and several .small i)lood 
vessels that enter the tissue from the 






Fig. 450. The womarfs monthly cycle. The 
numbers along the upper border indicate the 28 
days of the female month. At (a) are shown the 
successive stages in the development of the egg and 
the changes in the womb when fertilization has 
taken place. On the tenth to twelfth day of the 
cycle the egg leaves the ovary ; between the 
twelfth and sixteenth days it is fertilized; after the 
twentieth day it embeds itself in the inner lining of 
the womb. At (b) one sees the corresponding 
% changes that occur when fertilizjation does not take 
place. When an unfertilized egg enters the womb, 
the mucous membrane continues to proliferate in 
vain for about a week. Then the womb expels the 
prepared mucous membrane, together with the egg, 
giving rise to the phenomenon of menstruation. 


the menstrual blood [Fig. 450 (b)]. 
The fluid which leaves the uterus at 
the time of menstruation is not true 
blood, and therefore does not clot. 
It is rather the liquefied germinal 
membrane of the uterus, which has 
been discarded as useless. 

Menstruation and Conception. 
The ovaries expel their eggs at in- 
tervals of approximately one month, 
so that the jn'ocesses in the ovar)^ and 
the uterus recur monihly. Because 
this cycle extends over a period of 
a month, tlie monthly bleeding lias 
received the name "menstruation,” 
from the Latin word mensis, mean- 


ing " month.” The appearance oi 
menstruation in a growing girl is an 
announcement by the body that the 
ovary has begun to produce eggs. 
Furthermore, menstruation indicam\s 
that the egg was not fertilized. If 
menstruation fails to occur follow- 
ing sexual intercourse, the woman 
knows that the egg which had wan- 
dered into the uterus about two 
weeks before has been fertilized and 
has settled in the uterine wall. Be- 
sides this " normal ” cause, there are 
numerous other physical and psycho- 
logical I'easons for the non-appear- 
ance or tardiness of menstruation. 
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HORMONES : STIMULANTS OF THE SEX LIFE 

Fig. 451. The hormones, which promote and regulate sexual activity, are produced 
as a result of the complex interaction of the endocrim glands. (Page 606,) 



CHAPTER XLIV 


Sex and Human Life 


THE PERIODS OF MAN’S LIFE. . THE .HORMONES OF THE SEX GLANDS. 
THE HORMONAL DETERMINATION OF ” PREGNANCY. ■ THE SECONDARY 
SEX CHARACTERISTICS. THE DUAL NATURE OF SEX. HERMAPHRODITISM. 
CASTRATION. SEX TRANSFORMATION. REJUVENATION IN THE LOWER 
ANIMALS AND IN MAN. THE TRUE PROBLEM ! NOT REJUVENATION BUT 
AGEING. THE FUTURE OF HUMAN BIOLOGY. 

T he influence of the sex gland duction of the sex hormone (i). The 
on the body and mind of man latter is distributed throughout the 
is so decisive that human life can body by the blood-stream (s). It 
be divided into periods according sensitizes the cerebral cortex so that 

to the functions of the sex gland, it is receptive to erotic stimuli, and 

Youth implies immaturity of the sex from the cortex the nervous stimuli 
gland; maturity is the period during pass through the spinal cord (3) to 
which the gland functions; old age the sex apparatus, which is activated, 
begins when the sex gland stops 
[ functioning. Youth and age are thus Change of Function 

I to a very large degree determined by The Female Sex Hormones, The 

[ the sex gland. female sex hormones have furnished 

1 Tlie Homones of the Sex Glands, us with completely new and ex- 

■ The maturation of the sex ceils is tremely astonishing insights into the 

^ accomplished by the production of mechanics of the vital processes. 

I; hormones by the sex glands. The There is an entire series of female 

I testicle produces a male sex hor- hormones, of which the most im- 

mone, the ovary a female hormone, portant are the pituitary growth 

hormone, the egg-maturation hor- 
Fertiiizing Action mone of the pituitary, the follicular, 

The Male Sex Hormone, The sex pregnancy and corpus iuteum hor- 
^hormones produce local (sex appara- mones. 

tus) and general (entire organism) The Pituitary Groivth Hormone, 
eflects. The action of the hormones The female sex functions are also 
on the sex apparatus may be com- controlled by the pituitary. In 
pared to that of a fertilizer. Without youth the pituitary secretes growth 
them the sex apparatus remains iin- hormones. After having developed 
developed, dry, sterile. Figure 45 under the control of these hormones; 
is a diagrammatic representation of the body must now carry out its re- 
tire action of the male hormone. The productive function. Consequently 
system of endocrine glands — pitui- the pituitary switches on a new 
tary, thyroid, and adrenal — acts on function, and instead of the growth 
the sex gland and stimulates the pro- hormone it now secretes a hormone 
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for the maturation of the sex cells. 

The Egg-MatMmtion Hormone of 
the Pitintary, Since this hormone 
stimulates the maturation of the eggs 
in the ovary, it is called the egg- 
maturation hormone [Fig. 45 ^ (A)v(i) 
and (s)]. 

Preparing a Nest 

As occurs in the case of almost 
all hormones, excess quantities of 
egg-maturation hormone leave the 
body with the urine [A (3, 4)]. H 
the urine of a sexually mature 
woman is injected into young mice 
[A (5)] whose ovaries are still quies- 
cent, eggs ripen in the ovary in two 
days [A (7)]. The sex apparatus itself 
[A (6)] changes very little. 

The Follicular Hormone. Under 
the influence of the pituitary hor- 
mone an egg develops. The interior 
of the growing egg ball liquefies, 
thus transforming the ball into a 
vesicle, the follicle [Fig. 449* (6-8)]. 
The hormone is absorbed by the 
blood vessels and conducted to the 
uterus by the blood-stream. Here it 
causes a proliferation of the mucous 
membrane, thus providing a nest for 
the maturing egg, as represented in 
Fig. 450. 

A Potent Secretion 

As described on page 60^, each 
ripening egg reserves a nest in the 
uterine hotel before entering upon 
its life journey ! This nest formation 
is vitally important, not only fpr the 
egg but for the entire human race. 
Consequently, the nest-forming hor- 
mone is one of the most powerful 
substances that we know; with one 
gramme of follicular hormone 35 
million virgin mice can be excited 
sexually ! 

If the egg arrives in the' uterus 
without having been fertilized, it 


■ does';, not need the cradle which it 
has ordered, and ilie cradle is ex- 
pelled from I he bodv as the mens- 
trual flow. On the other hand, if 
the egg is rerliliz(ai and settles On 
the uterine wall, the further arrival 
of eggs mast be }>revemecl, because 
the uterine hotel is now tKX'upied 

Pregnancy Hormones, 4 he embryo 
in the uterus [Fig. 451 (B), (i)-| 
a report (ii) to the pituitai), the cen- 
tral control station for the functions 
of the ovary, that tiie uterus is occu- 
pied. Under the infliieiK.:e of this re- 
port, the pituitary h(,)rrnone is trans- 
formed and now works in an op- 
posite manner on the o\ary. It in. 
hibits the format ioti of anv more 
eggs. The emptied follicle of the 
last egg to emerge is transformed 
into a firm yellow body called the 
corpus iiiteum [Fig. 449 (9, 10)]. 

Infallibie Test 

The Hormonal Detenniimtion of 
Pregnancy. If a woinaiFs urine is 
injected into a virgin mouse [Fig. 
451 ( 7 )] inemorrhagic fol- 

licles or corpora lutea (9) are found 
in the animais ovaries when it is 
opened, then one can say with abso- 
lute certainty that this woman is 
pregnant. This test is t>ased upon 
the fact that if an embryo is present 
in the woman’s uterus, the pituitary 
secretes a hormone which inhibit^ 
the maturation of any further eggs. 
This test is known as the Aschheim- 
Zondek pregnancy test. However, 
since the Aschheim-Zondek test re- 
quires one hundred hours, a number 
of modifications has l)een made. 
The best one is the f'riedman test, 
which is just as reliable as the 
original one. 

The Corpus Luteum Hormone, 
However, the hormonal activity of 
the female sex gland is hv no means 
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at an end. Like its predecessor the 
follicle, the corpus In teura also acts 
as an endocrine gland. By means 
of its hormone, the egg follicle (the 
hormone giand of the non-pregnant 
female) prepares the uterus for the 
egg. By means of its hormone, the 
corpus luteum (the hormone gland 
of the pregnant female) takes care 
of the embryo by participating in 
the formation and development of 
the placenta. The hormone of the 
corpus luteum is thus a pregnancy 
protection hormone. If the corpus 
luteum is destroyed the child dies 
in the uterus. 

Preparation for Mating 

The Secondary Sex Characteris- 
tics. The aforementioned actions of 
the sex hormones, despite their great 
variety, do not suffice for the fulfil- 
ment of their task. Before an egg 
can settle in the uterine wall it must 
have been fertilized, and in order 
for fertilization to have taken place 
the woman must have cohabited 
with a man. In order to bring about 
this act, the body is equipped with 
a number of physical and mental 
characteristics, which, in contrast to 
the primary sex differences in the 
structure of the sex organs, are 
known as the secondary sex charac- 
teristics. 

Sexual Display 

The secondary sex characteristics 
constitute/so to speak, the adver- 
tising department of the firm called 
“ Man.” By means of these signs of 
sexual maturity the world is in- 
formed that sex cells, even though 
they cannot be seen, have become 
mature within the body. Like any 
good advertisement the body is made 
as attractive as possible. Flow^ers 
are nothing but the advertisements 



Fig. 452. The endocrine glands (pitui- 
tary, thyroid, adrenal) activate the sex 
gland, stimulating it to produce sex 
hormone (1). Distributed by the blood 
(2), the sex hormone sensitizes the 
cerebral cortex, which in turn activates the 
sex organs through the spinal cord (3). 
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of plants, which, by means of their 
colours, forms, odours, etc., attract 
the insects which are the travelling 
salesmen of the plant world. Simi- 
huiy, many animals and birds never 
appear more beautiful and seductive 
than when in their so-called mating- 
dress.’’ 

In order to prevent members of 
the opposite sex. from passing these 
attractions without exhibiting any 
interest, the hormones awake in the 
brain an impulse akin to hunger, 
which in the male is directed towards 
an evacuation of the sex glands and 
in the female towards the reception 
of the sex cells. 

Reaching Maturity 

Similarly, therefore, the secondary 
sex characteristics of man and woman 
are not identical; on the contrary, 
each sex lacks the characteristics of 
the other, so that each sex feels in- 
complete without the other and 
desires to unite with it as the natural 
complement of its own imperfect 
being. 

The Secondary Sex Characteristics 
of the VVonan. When the first eggs 
begin to mature and to forrn follicles 
in the body of a growing female 
child, the body of the girl begins to 
mature under the influence of the 
follicular hormone. By means of a 
process of transformation the “ in- 
different ” child’s body becomes that 
of a woman. The breasts swell, and 
fat is deposited on the shoulders and 
hips, giving the rounded contours of 
a sexually mature woman. Hair be- 
gins to grow in the armpits and on 
the pubis, while the hair of the head 
grows long. Internally the body is 
developed as a cradle for the child; 
the pelvis becomes broad and the 
abdomen large. Owing to the broad- 
ening of the pelvis and the shortness 


,of her thighs, the woman is nor- 
mally knock-kneed and her thio-hs 
■touch because of {lie accumulation 
of fat tissue. < amsc{|U(,‘ni l\, in ^ 
standing womaji llicre is no space 
between the thighs such as can be 
seen in a man. 

Man’s Active Role 

The Secondary Sex Characierislics 
of the Male. The action of tiie male 
sex hormone is very dill'erent. d’he 
man is intended to seek iiie feiriale 
and to impregnate iier in the course 
of the sex act. Ihe elleci of (he male 
sex hormone is therefore an activat- 
ing one. A woman attracts and 
wishes to be conquered; the man is 
aggressive. In contrast to the wonum, 
the man’s thighs become long, his 
pelvis remains narrow and his ab- 
domen small, but his chest and 
shoulders become broad. The tliighs 
do not toucli, i)iu leave a small space 
free between them. The man’s 
accumulation of fat tissue is slight, 
since it is suppressed by the testicu- 
lar hormone, so that men geiieraliv 
remain wiry during the pet tod of 
sexual maturity and do iu>t })egin 
to exhibit adiposity until the be- 
ginning of old age, Ihe sttan’s skin 
glands do not function as at lively, 
the hair on his head remains sin at, 
but instead he deveh^ps a l^stid. 

Male and Female 

The Dual Nature of Sex. A thikl 
arises from the union of a male 
sperm and a female egg (t-ll. I he 
egg-sperm cell is half paternal male 
and half maternahlemale. Siiu t* the 
body develops by continued thAision 
of the original egg-.sperm tell, an in- 
dividual human lieiiig is simultane- 
ously ])()th male and female. Mathe- 
matically speaking, a human being is 
not a whole number, but rather a 



Fig. 453. These two portraits are of the same person— the celebrated hermaphrodite 
Chevalier d'Eon, who for the greater part of his life masqueraded as a highly feminine and 
very attractive woman ^ and hoaxed the world as such But whenever he appeared in his 
proper guise as a man, it was as a brave officer, a noted duellist and an extremely able 
diplomat with a reputation for astuteness » Truly, an enigma of sex! 

every woman. A man has mammary by more or less well-defined elements 

glands, and even a uterus as large as belonging to a giaiid of the opposite 

a grain of rice; while the female sex. If these glandular elements of 

clitoris is an undeveloped form of the opposite sex should deveh>|.) to 

the male penis. If a man receives such a degree that their existence 

an injection of ovarian hormone, his becomes manifest, either directly or 

uterus ” becomes enlarged; and if indirectly, in that the characteristics 

testicular hormone is administered of the opposite sex become pro- 
to a woman, her clitoris grows larger, nounced — for example, large mam- 

Hermaphroditism. The embryo mary glands in a man — the indi- 
exhibits its dual sexual character in vidual is then described as a herm- 

that it has the rudimentary forms of aphrodite, so called after a son of 


DUALITY of; sex'. 6og 

fraction having the form glands of both sexes. In 

Men are beings in whom M pre- many lower animals the glands of 
dominates, while W predominates in both sexes develop alongside each 
women. There is no absolute man other. Earthworms, snails, oysters, 
with the forniiila as aiul leeches are herniaphrodites. In 

there is no absoiute woniaii with a chickens one generally finds a riidi- 
formula ^ There are female mentary testicle near the ovary, and 
elements in every man, just as male in all mammals, including man, the 
characteristics may be found in sex gland is very often accompanied 
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Hermes and Aphrodite, who was so 
desired by the nymph of a fountain 
that the gods united them to form 
one person. Genuine hermaphrodites 
with both testicles and ovaries are 
rare exceptions. On the other hand, 
it is not uncommon to find children 
whose external genitals exhibit such 
a combination of male and female 



Fig. 454. Maternal love from ampoules! 
This virgin female monkey became so 
maternal as a result of the administration 
of pituitary hormone that, contrary to 
monkey habits, it adopted a guinea pig. 
After removal of the sex glands, however, 
its mother love disappeared completely. 

structures at birth that it is often 
difficult, if not impossible, to decide 
whether the infant is a boy or a girl. 
A child may be bom with the closed 
genital cleft of a boy, but the ostens- 
ible penis is small like a clitoris, and 
the sex glands cannot be found be- 
cause they have remained within the 


abdominal cavity. Or, on the other 
hand, two glands may have become 
prominent like a !)oy's test ides, but 
the genital deft may remain open like 
a vagina, and one faces tin; qiicstiou 
as to whether the child is a girl with 
descended' ovaries or a boy whose 
scrotum has reniained open. A child 
whose sex is uncertain at birth 
should not be assigned to a definite 
sex group capridousiy and hastily. 
Instead, it should be classed as a 
child of uncertain sex and should 
be examined every year by a 
specialist. Generally the sex of the 
individual can be detennined in the 
course of childliood by means of con- 
scientious observation, and the child 
should then l>e introduced into its 
true sex group despiie any previous 
type of training which it may have 
received. Unless this is done, one 
cannot be sure that unpleasant sur- 
prises will not occur. 

Girl into Boy 

In a typical case, a child with 
indeterminate genitals is raised as a 
girl and behave.s as such during 
childhood. At the age of thirteen, 
however, the voice suddenly becomes 
an octave lower, a beard begins to 
gTow, and — the girl becomes a man. 
The glands that remained within the 
abdomen were not ovaiies, but tes- 
ticles. Or, conversely, a boy who 
apparently has two testicles ’’ in 
his scrotum begins to show signs of 
mammary development and to dis- 
play female tendencies at the age 
of fourteen: the boy is really a 
girl. Errors of sex determination 
are not as uncommon as one might 
at first assume, and the relevant 
literature contains life liistories, as“ 
interesting as they are tragic, of per- 
sons who suffered for many years or 
even throughout their entire lives 


A FAMOUS HERMAPHRODITE 


because of a false determination of 
■sex. . . 

Perhaps the' most celebrated case' 
of a heriiiaphrodite, who played in 
turn the roles of both man and 
woman with equal success, is that of 
the Chevalier d’Eon, who was born 
in France in 1728. 

An Enigma of Sex 

Although brought up as a boy, he 
began to wear his sisters’ dresses 
from the age of ten, and appeared 
more attractive in them than they 
did, A countess took the good- 
looking boy into her home, and later 
introduced him to the court in the 
guise of a girl. Louis XV fell in 
love with this girl,” who was as 
clever as she ” was unusually beau- 
tiful. In 1755 the “Chevaliere” d’Eon 
went to St. Petersburg as the “ niece ” 
of a diplomat. At the Russian 
court “she” acted as reader to the 
Empress Elizabeth and took part in 
numerous adventures. Later, d’Eon 
was again sent to Russia in male 
dress, as the brother of the “beauti- 
ful demoiselle.” As an officer in the 
French army he was wounded and 
received several decorations, and in 
1762 he was sent to London as 
French ambassador. 

^‘Madame d’Eon” 

When Louis XVI ascended the 
throne, cPEon’s enemies had him 
dismissed and he was compelled to 
describe himself publicly as being of 
female... sex .and to wear woma’n’s 
clothes.. ITitherto known as a brave 
officer, feared as a diiellist, and re- 
garded ..as. a' capable diplomat, d’Eon 
suddenly appeared to the boundless 
astonishment of London and Paris as 
a mature but still charming woman. 
From that time onwards he lived 
quietly in London, on the best of 


Terms with society, and he died in 
■i8u> at the age of eightyThree. ' At 
the instigation of a niimber of 
betting-houses which had accepted 
bets upon d’ Eon’s miich-disputecl sex 
amounting to more than one million 
pounds sterling, the body was medi- 
cally examined after death and 
“ Madame ” d’Eon was found with- 
out question to have been a man. 

Castration. If an animal is de- 
prived of its sex gland by castration, 
it not only becomes sterile, but also 
loses its secondary sex characteristics. 
A rooster ceases to crow and loses its 
plumage and comb; the sex impulse 
disappears, as well as the desire to 
fight, and it becomes a capon. A 
fiery stallion becomes a quiet geld- 
ing, and an intractable bull becomes 
a patient ox. 

Eunuchs 

In more uncivilized times cas- 
tration was also common among 
men. In the Bible and in t\\Q Iliad 
we read that the conquered enemy 
was castrated and the severed oigans 
were thrown to the dogs. During 
the uprising of the Sicilians against 
the French in 1282— the so-called 
Sicilian Vespers — the rebels castrated 
all the men who fell into their 
hands. In China and Turkey until 
modern times children were castra- 
ted in order to produce eunuchs who 
would later be reliable hareiu 
guards. In Italy until the middle 
of the nineteenth century one could 
still see signs in the barbers’ shops: 
“ Castration performed cheaply 
here.” Children were castrated in 
order to sell them, according to the 
custom of the period, as obedient 
servants, as actors, or choir singers. 

The administration of sex hor- 
mone to a castrated animal, or the 
implanting of a sex gland, is followed 



example of Steinach's celebrated researches. 
Here are four guinea pigs from the same Utter: ( b) is a normal female, ( d) a normal male, 
while (a ) and (c) are two castrated males. Ovaries have been implanted into the castrated 
(c), which previously was an over-grown, bloated pseudo-male, like (a). The artificial 
female (c) became smaller and more delicate and timid— became, in fact, more feminine 
than a true female, such as the animal (b) beside it. Furthermore, it grew more excitable 
sexually than its litter mates, but since it had neither vagina nor uterus, its love play and 
maternal feelings could find no natural means of expression and remained fruitless. 


by the appearance of the secondary 
characteristics. The troublesome 
symptoms experienced by women 
whose ovaries have been removed are 
relieved by the administration of 
ovarian hormone. Similarly, women 
in the menopause, who suffer physi- 
cally or mentally because of the de- 
ficiency of ovarian secretion, are 
treated with hormone preparations. 

Implanted Glands 

Sex Transformation among Ani- 
mals. If one implants an ovary in 
a rooster or a testicle in a hen, the 
implanted gland is rapidly destroyed 
by absorption and sloughing. But if 
the rooster is castrated and an ovary 
is then implanted, it remains and 
grows within the body, and the 
rooster is transformed into a hen 


under the influence of the ovary. 
The animal acquires the jdumage of 
a hen, exhibits female behaviour in 
relation to other roosters, and if 
placed upon eggs It acts like a brood- 
hen. 

The effects produced by the arti- 
ficial administration of hormones, or 
by the implantation of glands, ex- 
ceed those found in natuie. Just as 
one can produce light is 

stronger than sunlight l)y means of 
an artificial sunray lamp, so one can 
feminize or masculinize animals 
much more markedly, or stimulate 
in them much stronger inijmlses 
than are normally observed, by 
means of hormones or implanted 
glands. Figure 454 shows a virgin 
female monkey, in which, however, 
the sex organs, breasts, and maternal 
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instinct were prematurely developed 
by injections of pituitai7 hormone. 
Ill order to satisfy her mother love, 
she took a young guinea pig from 
a litter and nursed it tenderly as her 
foster-child. Her mother love was 
extravagant, as indicated by. the ex- 
pression on her face in the picture. 
But when this monkey was deprived 
of her sex glands, she lost all interest 
in the young guinea pig and watched 
unconcernedly, without any demon- 
stration of maternal feelings, while it 
was killed by another monkey. 

Feminization 

Figure 455 shows a litter of guinea 
pigs: (d) is a normal male, and (b) 
a normal female; (a) is a male whose 
testicles have been removed, and (c) 
a male whose testicles were also re- 
moved, but who then received an 
ovarian implant. Not only did this 
male become feminized, but it was 
even more feminine than (b); it was 
distinguished from its '‘sex com- 
rades ’’ by its extremely delicate body 
structure and markedly feminine 
behaviour! On the other hand, if a 
testicle is implanted in a castrated 
female, she displays more masculine 
characteristics than does a genuine 
male! 

^Sex Trmisformation in Man, In 
man the conditions are essentially 
the same. The male and feraale sex 
glands, as well as the male and 
female hormones, are antagonistic in 
their actions. If a female sex gland 
is implanted in a man, it is rapidly 
destroyed, and the same thing hap- 
pens to a testicle implanted in the 
body of a sexually matine woman. 
Nevertheless, throughout its entire 
life every organism retains some 
genital tissue belonging to the op- 
posite sex. it is quite likely that 
women who exhibit masculine char- 
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acteristics, such as broad shoulders, 
long legs, a deep voice, and some ten- 
dency towards beard growth, possess 
some functioning testicular tissue. 
When the sex gland becomes weak, 
in the course of the ageing process, 
it sometimes happens that the tissue 
of the other sex begins to predomin- 



Fig. 456. An outstanding case of mascu- 
ImizatloJh This photograph is of a woman,, 
previously quite feminine, in whose body 
a tumour composed of testicular cells has 
developed. Her body has become flooded 
with male hormone, and she now resembles 
a man with coarsened features and a 
strongly developed heard, 

ale. This explains the well-known 
fact that after the menopause women 
become masculiiiiz.cd to some degree 
by developing facial hairiness unci 
acepuring coarser masculine features, 
a deeper voice, and a, gruff manner. 
Figure 456 shows a striking case of 
masculinization. Until a few years 
before, this woman had been quite 
feminine. One day, however, a 
tumour developed in her Ixxiy. This 
tumour was due to a proliferation of 
the ceils which belong to the oppo- 
site sex, and which now flooded the 
woman’s body witli male hormone. 
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The Rejuvenation of Animals^ An 
ageing creature is an organism which 
is slowly castrated by nature by ex- 
haustion of the sex gland. If one 
implants an active sex gland in an 
aged animal, the youthful secondary 
sex characteristics return. The ani- 
mal has been rejuvenated by its new 
sex gland. 

Recapturing Youth 

Thus a rat normally grows old 
between the ages of eighteen and 
twenty-three months. Its fur becomes 
scrubby and the skin may become 
denuded of hair in patches; the 
eyes become dull, appetite vanishes, 
and the sex impulse disappears [Fig. 
457 (^)]- active testicle is im- 

planted in such an ahimal, Jhe hair 
begins to grow again, the appetite 
improves, the animal gains weight, 
it becomes active again, and the sex 
impulse manifests itself once more 
(b). Steinach succeeded in rejuven- 
ating an old female rat which had 
long since lost its natural fertility, 
so that it allowed itself to be impreg- 
nated once more and bore young 
which it suckled. When its normal 
life-span had been reached and- its 
brothers and sisters died oiS in rapid 
succession, this female rat continued 
to live and survived its generation 
by a full eight months. 

New Glands for Old 

Stated, for comparison, in terms of 
human life, these figures mean that 
it lived 150 years instead of 8o like 
its brothers and sisters. The same 
results were obtained with old dogs 
and goats which were so weak that 
they could no longer stand. As a 
result of repeated transplantations of 
active sex glands they became re- 
juvenated to such an extent that 
they were able to have young again. 


■ Rejuvenation of Maw.: Theoreti- 
cally: the problem of rejuvenation 
in man is, subject to the same condi- 
tions as, in animals; practically, how- 
ever, the' prospects are not nearly so 
favourable. An experimental , ani- ' 
mal is patient. It allows itself to be' 
selected from among hundreds of 
cases as being '' suitable for rejuvena- 
tion it aiiow’‘,s itself to be operated 
upon once,, twice, even three times, 
and is thrown into the w^aste-pail 
without any further ado if the ex- ^ 
periment fails. Photographs of the 
unsuccessful cases do not appear in 
the scientific journals; only the out- 
standing cases, the more or less suc- 
cessful cases of the entire series, are 
selected for presentation. Nor do 
the published photographs always 
inform one of the permanency of re- 
juvenation. 

Brief Respite 

Generally speaking, rejuvenation 
is of short duration, since an aged 
body is a poor nutritive medium for 
a young gland, so that the regained 
youth generally vanishes together 
with the gland in a few weeks, 
whereupon the organism f>reaks 
down twice as fast. In an animal 
which has a short life-span anyway, 
the short duration of success does 
not weigh so iieavily as in man, wiio 
demands a period of rejuvenation 
lasting for at least several \ears. It 
is naturally easier to rejuvenate an 
eighteen-month-old rat so that it will 
have an apparent age of twelve 
months than it is to reduce the age 
of a human being from eighty-six 
to sixty-six. Then again, there is 
the difficulty of accumulating suffici- 
ent experience, since one cannot per- 
form hundreds and thousands of all 
sorts of experiments, as one docs with 
animals, until the best method has 



Fig. 457. The miracle of rejuvenation. At (a) is an aged, feeble and partly bald male 
rat, whose sex impulse has become exhausted. After the implantation of an active male 
sex gland, its youthful appearance and much of its vigour returned (b); it was able 
once more to impregnate females, and fathered several litters. 
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been found. Fiiitherittore, it is diffi-’ 
cult to obtain the necessary number 
of old people who, with the consent 
of their families, will submit to ex- 
perimental operations, just as it is 
also difficult to have a sufficient 
supply of healthy, youthful glands at 
hand at all times. Consequently 
both experience and success in the 


tion, but ageing. The majority of 
modern human beings do not even 
reach the point where they need 
rejuvenation, since most people do 
not become old. They die before 
they have become old. Modern man 
does not grow old normally like an 
animal, in which there is a general, 
even ageing of all the organs. Man 


rejuvenation of human beings still 
lag far behind animal experiments. 
Finally, man is an animal organism — 
but he is not an animal. A man 
of' eighty, exhausted ■■ physically, and 
mentally' by .hard work, suffering, 
and the diverse experiences of a life- 
time, is a quite different and much 
more unfavourable subject for re- 
juvenation than a goat in a stall, 
which has grown old between the 
manger and the pasture. 

The True Problem: Not Rejuverh 
afion, but Ageing, llie true problem 
of human biology is not rejuvena- 


ages unevenly; individual organs be- 
come old sooner than others because 
they are always under a strain due 
to the ei'ect position of the body and 
the mode of life under civilized con- 
ditions. The result is that the vital 
machine is brought to a standstill 
prematurely. The causes are almost 
always the same: calcium is de- 
posited in tlie tanks and pipes of the 
body machine: the joints wear out: 
the cardiac pump slows down; die 
arteries become brittle and break. 
The immediate task of human bio- 
logy is not to rejuvenate old people, 
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but to ensure that everybody can 
grow old normally. Not rejuvena- 
tion but ageing ! Through the mag- 
nificent successes of medical science 
it has been possible to extend the 
average life-span to the decade be- 
tween sixty and seventy. The aver- 
age life expectancy of man has risen 
from about thirty years to over sixty. 
It is the future task of human bio- 
logy to extend the life expectancy 
to a much more extended limit still. 


The Future of Human Biology^ 
The knowledge that it is unnatural 
to die of “diseases of old age” be- 
tween the ages of fifty and seventy- 
five must be spread far and wide 
The natural limit of human life is 
between the ages of eighty and ninety, 
nor is there any evidence that it 
would not be possible to increase 
.the average life-span beyond this 
apparently natural limit. If dur- 
ing the coming fifty years mankind 



Fig. 458. The false ideal. A caricature on the attempts of some scientists to prolone 
human life artificially. " Great-great-great-grandmother is awakened for ten minutes on 
the celebration of her two-hundredth birthday, in order to receive the congratulations 
of her numerous descendants:" True scientific progress does not lie, however in the 
direction of prolonging life after the capacity to be happy and useful has departed. 





Fig. 459. The true ideal — happy and healthy old age. The elimination of disease and 
suffering and the extension of human life under normal and natural conditions — these 
constitute the mast worthy goal for the medical science of the future. 


were to einploy for the creation of morrow we will say the same of the 
life-conserving apparatuses only a few still remaining pandemic dis- 
fraciion of the energy and the money eases: What are diseases to us? Only 
that have been expended during the ghosts of yesterday, 
the past fifty years upon the build- Through the centuries, medical 
ing of life-destroying machines, the science has rescued human life from 
extension of the human life-s})an, the grasp of the angel of death. Now 
which appears utopian today, would its task is to conserve this life which 
be a fact tomorrow. I'he medical it has saved until it reaches its 
science of the past solved the pro- natural end. What does humanity 
!)k.mi of protecting life against epi- lack? An armament industry —not 
demic disease. Just as Hamlet says: for the destruction, but for the con- 
“ What's He('uba to him . . so we servadon, of man’s life. And then, in 
moderns say: What are smallpox, the words of Genesis, “ his days shall 
[>lague, and cholera to us? And to- be an hundred and twxmty years.” 


THE END 



Nature does not allow, us to explore 
her sanctuaries all at once. We think we 
are initiated, but we are still only on the 
threshold, . 
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Glossary 

of medical and technical terms not explained in the taxi 


Abraded, scraped, injured by rubbing. 

Adipose, fatty. 

Alg(2! [singular, alga), an order of non- 
flowering, mainly aquatic plants, includ- 
ing the seaweeds. 

Alveolar, pitted, resembling a honeycomb; 
made up of sockets or alveoli {singular, 
alveolus). 

Analgetic, producing insensibility to pain. 

Annular, in the form of a ring. 

Antipyretic, intended to prevent or counter- 
act fever. 

A nlithctical, contrasting, directly opposite, 

A plan a lie (of a lens), free from spherical 
aberration. 

Avhoriform , shaped like a tree; divided into 
branches. 

Arboricalion. branching out, producing a 
tree-lik(‘ effect. 

Articulation, a joint, a connection between 
two }>arts enabling them to move in 
relation to eacli other. 

Atom, the sinall(*st particle of matter which 
can enter independently into a chemical 
rfdation with anothtu* atom to form a 
molecule iq.v,), 

/I tonic, lacking in tone or tonus (g.v.). 

Atrophy, wasting away, degeneration 
through disuse. 

Autolyse, to break (lown, flf‘stroy; said of 
tlu‘ destruction of body C(‘lls by serum. 

Avascular, the opp'o.site to vascular {qcu.}; 
without drculahsry vessels. 

Axilla, the armpit. 

Ibfigrnrtir, rorieerned with the. origin and 
clevfJrtpmenl rd’ life iti general or of new 

"Species, ' .■ 

I A pay die, divided into two parts, twofold. 

Hl'istiila, the stage in the dfwelopment of 
the fertilized egg-cell at which it sub- 
divides into a number of sc* pa rate cells 
to form a, hollow sphere*. 

I h fins, a nta.'cs or i>all of h,Jod swallowed in 
a single art. 

iinrsfc, put'ket.s, f'mrse-Hke caviti<‘s. 

Calcifirathn, impregnation with, or con- 
version into, clialk. 

Capillary, resembling a hair; a small hair- 
like blood v(*sKeL 


Capsule, an enclosing or covering mem* 
brane. 

Cardiac, relating to the heart. 

Carnivore, a flesh-eating animal. 

Cell, the primary unit of all living matter, 
whether animal or plant. Cells , vary 
greatly according to their function and 
the being or organ to which they belong, 
but every cell contains a nucleus (q.t'.) 
and is bounded by a membrane through 
which some, but not all, substances can 
p)ass. 

Centrosome, or central body, a small body 
within a cell which pilays an active pari 
in the division of the cell. 

eg. (centigramme), the one-hundredth part 
of a gramme. 

a substance found in the nucleus 
of a ceil, with an affinity for stains, which 
carries the cell's hereditary qualities. 

Chromosome, a tiny rod formed in a cell by 
the breaking up of the spireme {q.v.) 
during cell division (see p. lo). 

Cilia {singular, cilium), min.ute processes 
{q.v.) on the surface of a cell resembling 
hairs. 

cm. (centimetre), the one-hundredth part 
of a metre. 

Collokl, a jelly-like, non-crystalline, sub- 
stance, such as gelatine, which wh(*n sus- 
pended in solution does not j)ass through 
a membrane. 

Compulsive, con.strained, not und('r 
voluntary control. 

Coney e Hon, a solid mass of organic matter, 
usually formed by tlic addition of lime 
salts. 

Contractile, able to contract or shorten. 

Convoluted, coiled, arra.nged as a spiral. 

I Convolution, twist, coil, single turn of a 
spiral. 

Corona, a halo, a circle. 

Cytoplasm, the material of which the part 
of a plant or animal cell surroumling tho 
nucleus is made. 

Dermal, relating to tho skin, especially to 
the true skin or corium ben<*ath the* 
I epidermis.. , , 

! Dextrin, the gummy matter of starch, from 
\ which it is separated by heating. 
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Diastole, the rhythmic expansion of the 
heart, whereby the latter is filled with 
venous blood; the opposite of systole 
{q,v.). 

Dilaiation, expansion, widening out. 

Diuresis, the passing of urine, especially 
when in excessive amount. 

Ectoderm, the outer primary germ layer 
of the germinal disk (p. i8). 

Edentulous, toothless. 

Electron, the ultimate structural unit of 
matter; a particle of electricity with a 
negative charge, which circulates in an 
orbit round the nucleus of the atom 
iq.v.). 

Element, one of the 92 primary kinds of 
matter of which all material things are 
composed, 

Embryogeny, the process of development 
of an embryo, or the science dealing with 
that process. 

Emtdsion, the union of a fatty material 
with water or another liquid, so that the 
fat is suspended in the liquid without 
dissolving. 


body in, or a section of, a chromosome 
that governs the transmission of a n-ir 
ticular character or group of charartMs 

from one generation to the next. ' 

(dairy, varnish-like, resembling the fun. 
cooked) white of an egg. 

Gland, a group of living cells which makes 
or "secretes” a special chemical sub- 
stance, which may either be passed , into 
the general circulation through a canal 
or duct, or, in the case of the endocrine 
or ductless ” glands, poured directlv 
into the blood. ^ 

gm. (gramme), th? unit of weight in the 
metric system, equivalent to o.:?s 07 
avoirdupois. 

Graminivorous, grass-eating. 

Gustatory, rehting to the sense of taste. 

Hemophilia, a hereditary disease of the 
blood which makes it incapable of 
clotting, so that even slight injuries 
involve the risk of the patient’s bleedinu 
to death. ® 

Hemorrhage, bleeding, escafie of blood 
from a blood vessel. 


Encapsulated, enclosed in a capsule or 
covering membrane. 

Endemic, said of a disease which is com- 
monly found in and is confined to a par- 
ticular locality. 

Endoderm, the inner primary germ layer of 
the germinal disk (p. i8). 

Epithelial, relating to the epithelium, or 
tissue covering the intestinal canals, 
blood vessels, mucous membranes, etc. 
Extractive, of the nature of an extract, or 
substance removed from a solution. 
Fertilization, the impregnation of an 
ovum or egg-cell by a male sperm-cell, 
rendering the former capable of develop- 
ment into a new individual of its species. 
Fibrillation, the twitching or irregular con- 
traction of muscle fibres, especially those 
of the heart. 

hiltrate, a liquid that has been passed 
through a filter. 

Flaccid, flabby, limp, yielding. 

Flatulence, excessive accumulation of gas 
in the intestines. 

Furuncle, a boil, a small inflamed tumour. 
Gastrula,^ the germinal disk formed by the 
flattening of the blastula {q.v,) till its 
opposite walls meet (p. i8; Fig. 15), 

the formation of a gastrula 

Gene, the presumed unit of heredity; a 


Herbivore, an animal that feeds on grasses 
and herbage. 

Homogeneous, uniform in character, all of 
the same kind. 

Homologous, corresponding, arranged part; 
for part. 

Hormone, a chemical substance made by 
a gland {q.v.) and transferreci thence to 
the blood, jKoducing a sj;(jcial activity 
or effect in some part of the body. 

Hypertrophy, over - development, morbid 
enlargement of part of an organisin. 

Imbibition, absorption of a liquid bv a 
solid; drinking. 




ing immune or unlikely to la lot harm. 

Impacted, pressed again.st, driven in. 

Ingest, to introduce food materia! into du. 
stomach. 

Inhibitory, preventive, withholdino n- 
straining. 

Innate, inborn. 

Innervation, the distribution of nerve^- to 
an organ of the body. 

Inspiration, breathing in. 

Integument, a covering layer of tissue 
especially the skin. ‘ ’ ' 

Intercostal, occurring between the ribs. 

Intravenous, introduced into a vein 

Invaginate, fold in, form a sheath. 

Involute, to curve inward, turn und<T; to 
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disappear into the surrounding tissues. 
Irmdmte, to subject to radiation, to direct 
. rays upon. 

Kg, (Kilograinine), cjne thousand grammes 
(approximately 2.2 lb,). 

Km.. (Kilometre), one thousand metres 
(approximately live-eighths of a mile). 
Lachrymah relating to tears or the tear 
gland, 

Laniellce {singular, lamella), thin layers or 
plates, ; 

Lateral, relating to a side, situated at a 
side. 

Lipoid, fatty, fat-like, 
lit: (litre), the unit of capacity In the 
metric system, equal to 1.76 pints. 
ni. (metre), the unit of length in the metric 
.system, equivalent to 39.37 inches. 
Maturation, ripening; the division of a sex 
cell by which half the chromosomes of 
the parent cell pass to each of the two 
daughter cells, 

Mesoderm, the middle germ layer of the 
germinal disk (p, 19). 

Metabolism, the sum-total of the chemical 
changes which take place in a living 
body; the building up of new substance 
(anabolism) and the breaking-down of 
old (katabolism) considered together. 
Metameric. divided into exactly similar 
segments, 

mg. (milligramme), the one-thousandth 
part of a gramme. 

Micron, one tliousandth of a millimetre. 
MilHmkron, one thousandth of a micron; 

one milUunth of a millimetre. 

Mitosis, tlie process of cell division. 
mm. (millimetre), tlie one-thousandth part 
of, a inet,.re. 

Moh'fiilc, the smallest particle of matter 
winch can lead an independent existence, 
ft is built up two or more atoms 
(q.v.) which nniv be of the same or of 
different rlnnents. 

Xarculic, a drug which brings on sleep or 

tiruw^iUfhS. 

a knot-like swelling. 

Xodular, knotty, htiving nodes. 

Nuiicidus, a small bcwly of u,nknown 
function within tlu^ nucleus of a cell. 

Xticlciis (i) of an atom, the central body, 
with a positive electrical charge, around 
which electrons circulate; {2) of a cell, 


the central part containing the hereditary 
elements. . 

Occlusion, blocking up, closing, shutting 
off. 

Olfactory, relating to the sense of smell. 

Orientation, change of position to a given 
direction; relation to the points of the 
compass. 

Osmotic Pressure, the molecular pressure 
applied to a solution, separated by a 
semi-permeable membrane from another 
solution, which controls the diffusion of 
the solvent of the latter solution into 
the former. 

Oviduct, a tube in the female body by 
which ova or egg-cells pass from the sex 
gland (the ovary) to the womb. 

Ovum {plural ova), the reproductive egg- 
cell of a female animal which on being 
fertilized by a male sperm-cell develops 
into a new individual. 

Palpate, feel, examine by touch. 

Par enter ally, otherwise than by way of the 
digestive tract (applied to the giving of 
food, etc.). 

Panetal, relating to a wall, especially a 
wall of an organ or the body. 

Parturition, childbirth. 

Pathoge 7 iic, giving rise to disease. 

Peripheral, relating to the external surface 
or circumference. 

Peristalsis, the wave-like movements that 
convey food through the intCvStines. 

Permeable, porous, allowing fluids to pass 
through. 

Petrous, hard, stony; applied to a parf of 
the temporal bone. 

Placoid, j>late-shaped . 

Plankton, a general name for all small 
organisms, animal or vegetable, living 
on or near thc^ surface of the open sea. 

Plexus, a network or mass of interwoven 
ner\T>- fibres. 

Polyhedral, with many sides or faces. 

Polyphasal, having a number of succt'ssivc.^ 
phases or stagtes. 

Polypoid, resembling a polvq) or .sea- 
anemone. 

Process, a projection or outgrowth, 
especially from a bone. 

Prophylactic, directed to tlu* |;)rev(‘ntion 
disease, as opposed to the curing of a 
disease already present. 

Prasimians, the more primitive apc'S, 

Protein, one of a class of complex 
chemical compounds found in all living 
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matter. Protein molecules, which are 
very large and varied in composition, 
are built up from animo acids (see p. 

■ 201) . 

Pvoioplasni, the complex, jelly - like 
primary substance from which all living 
matter is built up. 

Punctate, dotted, pitted, pit-shaped. 

septic, discharging or contain- 
ing pus, . 

Ramifying, divided into branches; branch- 
ing out. 

Rectal, relating to the rectum, or final 
section of the large intestine. 

Reduction, replacement of a dislocated 
joint, of a rupture, or of the portions 
of a fractured bone. 

Renal, relating to the kidneys. 

Sac, a structure resembling a pouch or bag. 

Sacctt/ar, resemblkig a sac. 

Sacculation, a sac-like or cyst-like forma- 
tion or swelling. 

Sanguineous, abounding in blood. 

Secretion, a substance formed in and dis- 
charged by a gland . 

Sepsis, poisoning of the blood, putrefaction 
and decay caused by small harmful 
organisms. 

Sessile, stationary, permanently attached. 

Spastic, spasmodic, subject to spasms. 

Spasticity, spasmodic functioning, “ going 
by fits and starts." 

Sperm, the reproductive cell of a male 
animal which by entering an ovum, or 
female reproductive cell, begins the de- 
velopment of a new individual. 

Spicule, a small spike, a tiny sharply 
pointed fragment. 

Spireme, a spiral thread of chromatin in a 
ceil. 

Sporadic, breaking out at irregular 
intervals. 

Stellate, radiating, star-shaped. 

Suture, the line or seam formed at the 
junction of the parts of the skull. 


Symbiotic, living together -'•-re i at in g to 
phenomenon in which hyn nrgnuh.uv... 
plant or animal, l(v<' in f^'niirnaaii 
union, each depending for ifs -• 

upon the other, 

Systole, the contraction of tli/; In -art, 
whereby the blood is impelled outward^: 
opposed to diastole (r/.y.), 

Tissiie, a portion of a living thing made np 
. of cells of one singlt* type atliieriiig to 
each other. 

Tonsillectomy, the surgk’al removal ol tic 
tonsils. 

Tonus, tension in a muscle, espet ially tie* 
normal tension when at rest (p. ir;). 
Transfusion, transferring by pouring; us*'d 
especially of transferring blfxxj from on*' 
animal body to another. 

Translucent, allowing light to shine 
through. 

Trapezoid, with four sides of imec|ual 
length. 

Tubercle, a small projc'ction or swelling. 
Vacuole, a tiny globule of clear fluid wittiin 
the substance of an animal or plant 
Vascular, possessing vessels and channels 
for the circulation of blood, etc. 
Venesection, o^mmg or cutting of a vein, 
especially for blood-letting. 

Venous, relating to veins. 

Vesicle, a blister, or small bubble. 

Villi (singular, villus), tiny 
resembling hairs, particiilariy in tin* 
intestines. 

Virilism, masculinity, sexual potency, 
especially when precocious, premature »fr 
in excess. 

Virus, the active agent in certain inlet, lioio 
, diseases; although probably a livuiu 
organism, it is too minute to be trapped 
by a filter or detected with the onlinarv 
optical microscope. 

Viscid, thick and .sticky, ol a treat K- con- 
sistency. 
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Pas«; numbers in italics refer to illustrations. Where 
a rcicr<;iice is to both text and illustration on the same 
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Abdomen, inline uial me, !j>j 

— poiKlnlniH, i.sj; 

A])eiTatioii, splunu al, 554 
Abscess, 1^7 

AccommoUalion, ocular, 532-4, 
539 

Acetic Acid, 23b 
Acetylcliolint', 3<)4. 453 
Acidity in digestive tract, 255 
Acids, 234-0 
Acoustic nerve, 4J2 
Acromegaly, 3O8 
Acrosoinc, 15 
Activity, change of, 116 
Acuity, visual, 544-5 
Adaptability, human, 317 
Adenoids, 214 
Adipose tissue, 37, 3<j, 41 
Adrenal cortex, 322, 3^3, 365. 

394 

-- gland, 354. 35b-8, 394 

— — nicotine and, 342 
Adrenalin, 3b:r7. 394 

— and cotiaifKJ, 45.S 

— • and smoking, 33S, 342 
— ■ meilical uses, 3,9()-7 
After-image, 532, 554-3. 579 
After-taste, removing, 304, sot'i 
Agassiz, 20 
Ageing, 35 ^ 

— and sex gland, 0 14-15 
Agglutination, 179 

Air. 201 .. 

— content, of clothing, 353 

— dust in, 21O-J7 

— rate of use of. 22X, 225 
Airsickness, 511 

Albinos, 476 
Mhinus, I2f) 

Alhiirnin, 307 
Albnmoses, 23b, 2-v5 
Alt ohol, 4. 334, 33S if. 

— ah'orption (4. 340 

■— and brain, _3.^^^. 34<>, 425 
-- anti digestiir»n, 2t.t) 

— and liver, 2O5 

- " and musculature, 340 
effects of, 339-44 

— habiinalion, 333-40 

— in blood, :,:;8 

— when allowable 342 
-- whether harmful, 342 

Aigie, 6, 357 

Alimeiilaiy <anal, .wv Digestive 
app.iralus 

Alkalinity in fl!ges}ii.e tract, 255 
Alps, cielini’-m in. 3,04 
Altitude, anti blu-.d count, 173, 

■ m ' ■ . ■ ■ 

-- effetts on man, 205. 2o6~;\ 2o3 
Alveoli, of itreast. ..*// 

-™ of tell. 

'Ambit ult iie, 131 
Aniidop\ riiie, 420, .f.P-.-t 
Amino at ids, 201, 233, 23I1 
--- ainl taste, 403 
.Ammonia 22 r. 2s.*,. vu 

— - in uhat lo, 33ft 

— in wine, 370 
Ammba, aO 

Amphibia, blood udls of, 1:2 

— hearing in, .512 

scf' baiia.hiaU' 

.'Amphioxu''. 2; 7 .pjC 
Amp! ilk' 5!Kj 
A my! a ’•a-, 247 
Atnylopsui, 270 
Aramiti, 174 

-- of hiaiti, ioi'> 

— pern it Imis, 171 


Aiif'cstliesia, 33() 

— block, .755, 458, 45y 
general, 450, 457 

— inhalation, 456, 457 

— injection, 436, 457 
-- local, 457, 45(7 

— rectal, 45(>, 457 

— spinal, 45S-9 
Analgesics, 431 
/Angina pectoris, 105, 106 
Angioneurotic tederaa, 47S 
Angle, visual, 545 
Angora cats, 470 

Ankle, 79 

— fractured, 53 
Antelope, 492 

Anterior chamber of eye, 538 
Anterior-horn cells, 40 1 
Anterior lobe of pituitary, 367 
Anthrax. 199 
Antibodies, xo9 

.Anti-peristalti<' movements, 278, 
2«3 

Antipyretics, 344 
Antitoxins, 196 
Ants, 497 
.'Aorta, 140, 14 8 

Aosta Valley, cretinism in, 364 
/Afie, brain development of, 447. 
.7.7.V 

— cortical areas of, 424, 427 

— posture of, 59 

— ribs of, 70 
Aperitifs, 340 
Apoplexy, 167, 426 
Apiiendicitis, 283 

Appendix, vermiform, 2S, 182, 

283 

Appetite, 332 
Appetizers, 30 r 
Apple, chemistry of, 234 
■— food value of, 305 
Applications, hot and cold, 3.t<) 

352 

.Aristotle, 1.79, 554 
.Arfii, 79 ff. 

— freedom of, 59 

— muscles of. 137 

— swinging of, 134, 137 
.Arrhenius, S., 105 
.Ar-.enic, 314 

-- eaters, 314 
Art, primitive, 574 
.Arterial wall, iso, 163 
.Arli'i'ie.:, 140, 157, 1S5 
-- hardening of, 165-7 
rupture of, 167 
Arlerio-sclerosi-s, 167 
Artery, radial, 149 
Artificial lung, 401-2 
Arytenoid cartilages, 22(1, 227 
Ai\carismcsalot‘ephala,ii 
Aschheiin-Zondek test. 606 
Asi orhic acid, 322 
Aspirin, 42 t}, 43i"3 
.Assoriation, 442-4, 444 
--- act.s of, 152 
■-™- areas, 445 ■ ■ 

fibres, 151-2, 444-.5 
■Asthma, 105, lot'u 221-2 
.A-tigmatism, 531. 537 
A-ymmetry, blindfold movement 
and, 127-8 

cause of, 129-30 ■ ■ . . 

— ■ facial. 127 
of brain, 130-1 
.Atavism, 29 
Atlas, 69, 7i"2 . ■ 

Atmosphere, adaptation to, 213 
dry and wet, 211 

623 


Atmospheric pressure and 
walking, .136 
Atom, I, 2 
Atropine, 265, 541-2 
Auditory apparatus, 512 ff. 

— canal, 504, 5U> 5 ^'^ 

— cells, 522-3 

— centre, 437 
memory centre, 437 

— nerves, 304 

— ossicles, 504, 314. .H7. 

519 

Auricle, 142-3, 5i(> 
AnricuIo'Ventricular node, 150 
Avitaminosis, 318, 323 
Axial filament, 15, 22, 24 
Axis, 6q, 71-2 

B 

Bacilli, see Bacteria 
Bacillus coU, 197 
— - ureee, 

Backbone, 22, 55 
•— suspension of organs from, 60 

— see also Spinal column 
Bacteria, 5, 6, loi ff. 

— and brain, 416 

— intestinal, 282 

— lymph and, 189 

— nitrogen and, 202-3 
Bacteriophage. 19.5 
Balance, 505 

Ball-and-socket joint, 54, 55 
Bandages, plaster, 53 
Bartholin's glands, 595 
Bat, cortical areas of, 427 
Bathing, effects of, 162 

— tub, 479 

Baths in antiquity, 467 
Batrachians, 71, 82; see alsi 

Amphibia 
Beaks, 59 
Beard, 470, 608 
Beauty, 62, 64 
Bees and smell, 4(17 
Belching, 254 
Hell, electric, 486-7 
Belladonna, 333 
Benzoic add, 377 
Benzol, 500 
Beri-beri, 321 
Bessel, F. W.. 383 
Biceps, 323, 133, 1.17 
Bile, 176, 264-6 

— acids, .166 

— and enuftimis, 26S 

-- duct, 107, 204. 267, 26, s 
BiHrnlhn, 266 
Biliverdin, 176, 266 
Binocular vision, 360, 561 
Biogenetic principh*. 25 
Birds, 59, tjo 

— equilibrium in, 311 

Idrfh, and pelvis formation, 78, 70 

— mechanism (»f, 508 
" Bdack tongue,” 328 
Bknlder. urinary, 374-5, •too 

-- inflammation of, 2J9 
Blanching, 104, 106 
Blastula, 18, 2a, 26 
Fdeeders, 177-8 
Blind, and mn<cle sense, 120 
and touch, 487 

— spot, 555. 557-8. 

»_ — psychology of. .5.59-60 
I?li!idfoId inovennmt and a'-.van 
metry, T27-8 
Pilindness, cortical, 434 

— memory, 435 

— * night, 318-20, 552-3 

— ocular, 433 


a, ^ 
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Blinking, 530 
Blisters, 462 

Block anffistliesia, 455 , .45Si 450 
Blood, alcohol and, 33S 

— cells, i/k?, 171 ft. 

— circulation of, I40» H'i> I57 ff- 

— clots, 167, 176 

— coagulation of, 176-7, J71V 

— composition of, 169 

— count, 172-3 

— donors, 179 

— formation of, 20 

— groups, 179 

— level, 289 

— loss of, 178-9 

— menstrual, 603 

— pigment, Hsemoglobin 

— pressure, 104, 164-5 
— - — sunlight and, 477 

— rate of flow, 156, 157-60 

— temperature, 344 

■— transfusion, 179, 289 
unchanged, 287-8, 2Sq 
Blood vessels, 21. 23, 140, 160 

— contraction of, 349 
~ of ear, 522 

•— of intestine, 280 
Blubber> 40 
Blushing, 104 

Body, proportions of, 61 ff. 

Boiler crust, 31 1 * . 

Boils, 199 

Bone, formation of, 44, 45* 46 

— marrow, 48, 171, i 73 > I74 

178-9 

— structure, 49 
Bones, 42, 43 ft. 

— and vitamin D, 324 

— flexibility of, 50 

— forms of, 68 

— fractures of, 50-2 

— in childhood and age, 50 

— number of, 69 

— of ear, 517 

— strength of , 48 
Bouillon, 33, 259, 302 
Bouny, 450 

Bowel movements, 285 
Brachycephaly, 86 
Braille alphabet, 486-7 
Brain, 35, 409 

— alcohol and, 338, 34®. 423 

— alterations in, 411 

— anaemia of, 106 

— and jaw, proportions, 93 

— and race, 447-8 

— and sex, 453 

— and talent, 450 

— asymmetry of, 130-1 
— - convolutions of, 450 

— development, 447 

— expansion in man, 594. 60 

— fluid, 418-19 

“ formation, 21-2, 23 

— largest, 450 
lobes of, 4i^> 419 

— membranes, see Cerebral 

membranes 

— of fish, 417 

— position of, in skull, 85 

— size and intellect, 449 
“ stem, 412, 417 

— surface of, 419 
-- weight, 446-7 

Brain cells, 419 ff. 

counts, 452 

Branchial grooves, 27, 28 
Bread, 303 
Breast, 239-40, 24/ 

Breastbone, see Sternum 
Breathing, 204; see also Respira- 
tion 

exercises, 77, 78 
Rrillat-Savarin, 298, 305 
Broca’s centre, 440 
Bromine in food, 314 
Bronchial tubes, 220, 222-3 
• catarrh, 222 


Broth, meat, 34 . 

Buckwheat disease, 478 
Buoyancy of body, 223. 225 
Burns,: abdominal, 253 
Bursse, mucous, 56 
Butter, 236 
Buttermilk, 316 
Buttocks, 39 

— of Hottentot women, 40 


■ C 

Csecum, 235, 273-4, 277-8. 280 
Cgesarean section, 78 
Caffein, 334 . 

Calcium, 4, 8, 43-4, 48'.5<b 5 h 
167,169 
and sleep, 4.53 

— carbonate, 247 , . 

— deposition, and ageing, 615 
■— in body, 310 

— in milk, 31 1 

— in potatoes, 311, 313 
—■ phosphate, 311, 324, 327 

— regulation qt, 359 

— sulphate, 377 
Callus, 52 
Caloriefs], 293, 2 Q 5 

— requirements, 294, 2qS 
-— and heat loss, 294 
Camel, eyelashes of, 529 
Camera and eye compared. .527, 


529 . . 

Canal, alimentary, see Digestive- 
apparatus 

•— auditory, 504, 513, 5^6 
— - dentine, 97 

— intestinal, 20-1, 272 

— urinary, 371 

Canary, weight of brain, 446 
Canine teeth, 99, 243. 244 
Cannla, 457 
Capillaries, 157-8. 181 
Capsule, internal, 426, 42(P 
Car sickness, 210-11 
Carbohydrates, 234-5, 281 

— calorie value of, 293 
Carbon, 139-40 

— dioxide, 139-40, 150, 200, 2i>8 (} 

223-5,283 

— monoxide, 209-10 

— — in tobacco, 336 
Carbuncles, igg 
Cardia, 253-4 

Cardiac muscles, 108, 144, 147 

— nerves, 150-1 
— ' neurosis, 155 
Caries, dental, loo-T 
Carnivores, and salt, 309 
Carotenase, 318 
Carotid plexus, 164, 392 
Carotin, 318, 310 
Carp, 411, 412 
Cartier, Jacques, 322 
Cartilage[s], 43-4, 5o, 56, 66 

— arytenoid, 226, 227 

— costal, 76 
Casein, 258, 307 
Castration, 611 

Cat, intestines of, 273, 274 

— Angora, 470 
Cataract, 537 
Catarrh, 91 

— bronchial, 222 
Caterpillar, 425 
Cavities, facial, 88 

— of skull, 85 

—* of teeth, Q4, 96 
Cavity, oral, go 

— orbital, 39, go 
Cell[s], 6 ft., 9 

— auditory, 522-3 

— blood, x68, 171 ff. 

— brain, 4x9 ff. 

— division of, g-ri, 18-19 

— giant, 189 

— interstitial, 356 

— liver, 263, 265, 379 


rellfsl lausi Ic, iii'< 

— nucleus (.1 8 

-- dliartor',, .}2i, 

— optif,_ 4 r. 
pvuimid'iU 

- , v'"’’ 

• sex. Ml). f! 

■ - -iiapi' t.j, ; 

-- -|*U!al 

■ ebua!, 4-'>' ‘ ■ ■ 

wander. / ! •*, . ; ' 

white, M'f !-♦ 'u t.i \ u , 

('t'ilulose, 234, 

('entrilugafu'.n of luilk, jee 
f eutrioie. j-'.O 
('eiitrcisoiiie, 8 , q, 15,, 17 
Cephalic iiidr.v;, ,-'6 
t'ei'ijjeiluu!, 407 H,, 

415 , 7/7 

— and lot (iSisoiiftis, 41 i 
■ di^e.kse^ of, 41 i 

( erehral jortex, -drutMe ol, 
419 if.. 42U 
meiiibf.ira*'.. 414 ^5 

inilamui.-ahiu ol 410 

t erelirospmal llmd, rs, 

Cereimim, 41, p 414, 4 ^^ tC 

t't-rvkul lixtnhe, 2" 

— vertebra:, in; 71 
Champagne, 34 U 
Ch.uige oi at tJii'it'. , il6 

-- of life, 38 

Cliararier and <>be.itv, 4I 
Cheeks, 39 
•• - museks of, 5 25 
('heese, 259 

— a-. 30', 

— imhikl-i in, 107 
Clieitotiieria, 84 
Chest, 76, 77 
Chtwing, 24J 
Che’.'nc‘, 152 
C-hiasma, optic. *00 
C.hihl. proportions of, n*, 65 
Childbirth, wouih at, nof 
Chin, 93 

t'hloriiie, 22! 

Chloroform, .tin 4V7 
Chlorophyll 17 5, 31$, 478 

Chlorosis, i;.}-;, 

('hoked disk, y,; 

Cholera, 

( diolesterin , 312 
Choksterol, 324 
Choline, 394 
Chordie tendiiiece, fi], 
t'horoid. 5^8 

Chroniafin,->'-u ii, it, r; 

Chioniosome-.;,, 25 

. ■— maps, 12 . 

-- and sex, 13 
Chyle, 267 
Cigarettes. 337 
Cigars, 337 
Cilia, na.sal, 212. 714 

— of oviducts, 

Ciliaiy' Ixtcly, 532 
Ciliated groove, .4,;, 15;, 

( Jrculatory system, ao 139 
Circumcision. 5112 
Circumvaiiate jwpilia'. .mt 
t'leanline.ss, 467 
(lignot, (Uievalki , 

Climbing, 472 
Clitoris, 585, 595 
I divas. 87 
Cloaca, 584 

Clothing, ^alr coritent of, 333 

— function of. 350 
material fur. j.ii 

— women's, 350 
Clots, blood, 167, ijh 
Coagulation, in muscle-, 304 

“ of blood, 17,% 

Coal, iodine in, 360 
Coarse foods, 282-3 
Cocci, 191 
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Cochlea, 436, Sio, 516, 518. 520-1. 

■ 523 

{'odcine, 420, 432 

('od-livcr oil, 31.S, 320-1, 325. 360 

('ol'foe, 30*'. 330. 334 ih 

— black and while. 336 
ell eels of, 334 d* 

--- tasting, 4 <) 4 , 403 
Cognac-taHling, 404 
Cognition, 432 
('old, and pain, 43S 

— feet, effects of, 34'^' 

— perception of, 489 
-T~ reflex, 218-19 

Colds, 194. 349-50 

— and hearing, 516, 51^ 

— and smell, 501 

— protection from, 350 
Colic, gall-bladder, 106. 107 

— - gall-stone, 268 

— renal, 106, 107, 374 
Collagen, 48-50, 51 
Colon, 274 
Colostrum, 308 
(I'olour-blindness, 14, 381 
(2olour contrast, 579 

“ vision, 578 

— limits, 580 

— theories, 580 

(Colours, compiementary, 579 
Combustion, i39» 204, 291 

Comminuted fracture, 52 
Compasses, and touch sense, 486, 
4,V,V 

Compounds, chemical, 2 
Compresses, warm and cold, 352 
Conception, 5<V2 
Concha, nasal, 214, 217-18 
CoiKJS of eye,' 542, 547 ff<» 54 <^ 
(.'onnective tissue, 32, 34-7 

Consciousness, 422, 429 
(.‘onsonants and vowels, 230-1 
Constipation, 107, 285 
Contractions, uterine, 599 
Contrast, optical, 55b 

— twilight, 5.5b-7 
C(»nvoiutions <fl' brain, 450 
Cook, ('apt., 322 
Cooking, 290 

(’(ioiing, 343 
{ opper, 4 
— ■ in tuod, 314 
( oriuin, 4(12 
< ornea, 528, 53s 
Coronary co'^.sels, 144 
('oiporu ru% t.‘rna.'.a, 500, ,1(^2 
('orpu'- callo^uru, 417 
-- iuteuui, Oi)!, O00-7 
( ortt'.'s:, adrenal, .scf- Adieiia! 

Colle.X 

-- (erehral, siY ('eiehral i orfe-x 
('ortical areas, 422, 427 
Cou.gh, spasmodic, 217 
Cotiglnng, 133, 227 
('t)W, longue of, 492 
Cowper’s glands, 588, 390 
('oxwell, 205 
(■ramps, heat, 347 
('ranial snture.s, 87 
('r.iuium, 85 
« riwl refh'V, 425 
( leatin, 37; 

(’rej-ol, 2'",; 

( jetini-m, 3f>3-4, .'>97 
( ribriioim piale,s, .88, So 
('liioitl iaitilagr jj’>, 227 
I ii-ta gaifl, 

( li.wn oi lootls, 04. <0 
( rvmg. 530 

( ustaU and viru^e^, 105 
( uraie, 112 
t urrenl-. nerve. 400 
t'urvauu't' ol -pmai coln'inu, 72. 

■ 74 ' 5 » , 

CntUiH Otis -'eii-ory cejls, 379 
Cntit !< denial, 98 
(,’uttletish. «'\e 527 

(Acione-. 21! 


Cystin, 312 
Cystoscope, 372 
Cytoplasm, 7^ 8, 37 

D 

Dachshund, 367 
Da^’loscopy, 463-5 
Daiite, 342, 450 
Darkness, adaptation to, 552 
Darwin, 470 

Darwin’s point, 513, 515 
" Dead man’s float," 225 
Deaf mutes, 511-12 

— persons, touch sense in, 487 
Deafness, memory, 437 
Decomposition and smell, 500 
Defaecation, 285 

Deficiency diseases, 318 
Degenerate organs, 28 
Degeneration, 67 
Deglutition, 247-8 
Deiters's nucleus, 407 
Deltoid, isj, 137 
Dementia, 426 
Democritus, 492 
Dental formula, 99 
— • caries, loo-i 
Dentate nucleus, 408 
Dentine, 94, 97 

— bacilli and, loo-i 

— canal, 97 

d’Eon, Chevalier, 600. 611 
Desserts, sweet, 303, 303 
de Torre, Miguel, 336-7 
Dextrin, 4, 234, 240, 242. 247 
Dabetes, 271 

Diaphragm, 131, 222-3, 22S 
Diarrhma, 2S5 
Diastole, 145 
Diet, and teeth, 96 
-- meat, 316-17 

— mixed, 315, 317 

— raw food, 315-16 

— salt-free, 310* 

— vegetarian, 316 
Digestibility, 260, 295 
Digestion and alcohol, 260 

— and fatigue, 297 

— individual variations in. 296 
Digestive apparatus, 30, 233 ff., 

2.13 

— gland, siv Cdand, digestive 
Digitalis, 357 

J.>jphtheria, 396, 199 
•— bacillus, 195 
1 -™ toxin, 195 

i Dishes, intermediate, 302, 304 

— main, 302, 304 
Disk, choked, 557 

— germinal, 18 

— intervertebral. 66 
-7- optic, 557 
Dislocation, 57 
Display, sc'xual, 607-8 
Distance, estimating, 567 
Distant vision, 532 
Distortion, sense of. 4S9 
Division of cells, 9-11, lS-39 
Dizziness, 510 

Dog, intestines of, 273 

— and smell, 497-8 
-- fatigue in, 

Dolichocephaly. 86 
Dolphin, 273 

— brain of, 4.40, 450 
Dorsal eye, .see Parietal eye 
Dragonfly, 26, 424-5 
Draughts, fear of, 489 
Drosophila, iJ. iz 

! Duality, sexual. 608*9 

Duct, bile, l«7. -64, 267, 268 
l)uctless glands, sei? Glands, 
endocrine 

Duodenum, 235/1273 
Dura mater, 37, 414, 4^6 
I , Dust, ' and ■ nose,; 214, 216 . ■ , 

.f — dangers of', tty 
1 Dyfsmtery' bacillus, 195 ' 


•' . B 

Ear, 2x3, 505 . 

— and piano compared, 518 ff., 

520-1 

— blood vessels of, 522 

— V.}ones of, 517 

— external, 513, 515 

— mechanism of, 316 

— middle, 514 

— movability of, 513 
— - muscles, 126, 517 

— structure of, 504 
Eardrum, 304, 5i4-i5< 5^(6 

— perforation of, 515 

— rupture of, 5i5i 547 
Eating, rapid, 297 

— reason for, 293 
Ebers papyrus, 537 
Ectoderm, 18 
Ectoplasm, 252 
Edison, 35, 64 

Education, and brain, 436, 449*50 
— and reflexes, 425 
Egg, sijc Ovum 

— and cell, 6-7 
Egg-cell, see Ovum 
Elbow, 54/ 56 
Elbow- joint, 80, 81 
Electric bell, 486-7 
Electrocardiogram, 132. 353-4 
Electrolytes, 4 

Electron microscope, 1-2 
Electronic nucleus, 2 
Electrons, i, 2 
Pflements, i 

Elephant, brain of, 446, 440 
Ellipsoid joint, 53 
Emaciation, 39 
Emboli, 167 

Embryo, among animals, similarity 
of, 16, 29 

— formation of, 597 

— nervous system of, 397 
Embryonic recapitulation, 25*6 
Emotion, and digestion, 245, 261 

and liver, 268 
Emphysema, 222 
Emulsion, 236 
Enamel of tooth, 94, 97-8 
Encephalitis lethargica, 453 
Endocrine glands, see Glands, 
endocrine 
Kndoderrn, 18, 20 
End-plates, 110, 112 
Knerg.s' , potential , _ 233 ^ 

Enjoyment and digestion, 261 
Ivnterokinase, 271 
Environment and growth, 68 
Enzymes, see Fernumts 
Ephi^drin, 367 
Epidermis, 4(12, 465 
Epididymis, 587, 590 
Epigastrium, 3<)3 
Epiglottis, 226, 227, 248, 230 .. 
Epithelium, 359 

Equilihratory apparatus and 
motion, 510, 5/2-/? 
Equilibrium, 403, 408, 41 505 ff., 

— motabolic, 331 
Erection, 592, 50? 

— centre, 594 
Krgosterol, 324-5 
Er^’thema, 476 
Eskimos, and salt, 300 
Ether, 339. 457 
Ethi,! rhlorhle, 45S 

Kustaclaan tub»*, 514. 515, $if}. 
■ ■■ 34S 

Evaporation. 3.14, 472 
Everest, Mount. 205, .j'o'1-7 
Excitement and liearlbeat, I'a 
Excretion, 283-4 
Excretory system, 

Kxerci'-e, need of. 37 
Exercbes, breathing, 77, 7^" 

•— spinal, for children, 7.5 
Exhaustion, 114 
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Exophthainiia, 363 
Expectancy of life, 616 
Extra-pyramidal 411 

Eye, 327 ff., 5-/J 

— and food, 243 

— and vitamin A, 318 

— blood vessels of, 542 
rolour. 34- 

— imperfections of, 528, 564 

-™ movements, effects of, 57i ff' 

— muscles of, 534, 564-5 

— ■ nerves of, 542-3, 5^5^ 5^^ 

— pigment, 542, SSO> 553 
Eyeball, 527 
Eyebrows, 529 
Eyelashes, 470, 529 
Eyelids, 528“9, 52 A 

; F ■ 

Face, proportions of, 52 
— - asymmetry of, 127 

— skeleton of, 85, 88 ff. 

Faeces, 279, 283-5 
Fainting, 105, rod, 118 
Fakirs, 395 
Far-«ightedness, 535 
Fat[s], 235-6 

— as fuel, 38 

•— as insulator, 39-40 
--- calorie value of, 293 

— digestion of, 40 

•— distribution of, 37-8 
-- emulsification of, 266 

— in men and women, 38 

— in stomach, 259 

“■ metabolism of, 2c¥d, 291 fi'. 

— mobilization of, 40 

— pads, 39 

— tissue, 37 
Fatigue, 113-14 

— and toxins, 113, 196 
-- and digestion, 297 

— of eye. 533 

— of sense of smell, 501 
Fatty acids, 236-7, zU), 291 
Faucal pillars, 248 

Fear and seasickness, 511 
Feeble-mindedness, 419 
Feet, 68 

— cold, 218, 219, 34(?, 349 
Feminization, 613 
Femur, 55, 79 

Ferments, 1S|5, 240, 247 ff., 279-80 

— combustion, 291-2 
Fertilization, 12, 14-15, 17. 598, 

603-4 
never, 346 
Fibres, arterial, 157 

— association, 15T-2, 444-5 

— inhibitory, 424-5 

■— muscle, 102, 103, T04 ff., loS 
Fibrils, 102, 108^ 

— ■ nerve, 380-1 
Fibrin, 176-7, J7S 
Fibroblasts, 52 
Fibula, 79 
Field-glasses, 563-4 
Filter, urinary, 369 ff. 

Finder, telescopic, 547, 548 
Finger, 44, 55 
lungerprints, 463, 466, 461? 

~~ formula, 465 
Fingertips and touch, 487 
Fire, 204 
Fish, 413 

brain of, 417 

— scales of, and teeth, 93 

— taste in, 491 
Fistulse, cervical, 28 
Flat foot, 82, 83, 84 
Fleming, [Sir] Alexander, 198 
Floating, 225 

Flora, bacterial, of vagina, 597 
Elower, how smelt, 503 
Fluids, body, 169-70, i"i 

— digestive, 301 
Fly. 5 

eye of, 5, 6 
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Focusing, 533 
Foetus, 292 ■ . 

Folds, intestinal, 276-7. ^7^ 

Follicle, 601, 606 
Fontanelles, 85-6 
Food, and nervous system, 3.3,3 

— and nose, 243 

classifiication, 301 , 

— comparative' digediljiliU 01. | 

295 

— preparation of, 296 

— raw, 315-16 

— requirements, normal, 294 

— values, comparative, 295 

— wastes, 299 
Foot, 82-4, 

— arch of, 39. 83*4 

— flat, 82y 83, 84 

Foot and mouth disease, 194-3 
Foramen magnum, 87, 8q 
Forehead, 88 
Foreshortening, 576 
Foreskin, 592 
Formaldehyde, 234 
Formic acid, 236 
Fovea centralis, 547. 557 
Fowls, sex change in, 012 
Fractures, 50-2 

— treatment of, 52-3 
Freezing, 458 . 

Frequency of tone, 230 
Friedman test, 606 
Frog, 26 

— and light hormone, 477 

— heart of, 

Frontal lobes, 88, 409, 41^. 424. 
1^7 

Frontal sinus, 90 
Fruit at meals, 304 
Fruit-fly, 11 

— see also Drosophila 
Fuel, for human body, 38 

— of nerve cells, 380 
Fuels, 204 

Furuncles, nasal, 416 


G 

Galen, 458 
Gall, see Bile 

Gall-bladder, 235, 264, 267-8 
Gall-stones, 2f)6, 26S 
Galton, Sir F., 463 
Gambetta, 452 
Ganglia. 393. 397, 414 
Garlic, 360 

Gas exchange, 223, 224 

— interchange, man and plant, 

200, 202, 209 
Gases, intestinal, 2S3 
Gastrula, 20, 26 
Gastnilation, 26 

“ Gear mechanism ” of ear, 537-18 
Gelatine, 33 
Genes, 12, 27 

Genitjds, external, female, 595 

— •— male, 585 ff. 

Germ layers, 18-ig, 21, 24 
Germinal disk, 18 

Germs, see Bacillus and Bacteria 
Ghosts, seeing, 552 
Giants, pituitary, 63, 67 
Gill arches, 354, 355 ff. 

— clefts, 512 
— • slits, 26, 27 

Gills, 27 
Giraffe, 71 
Girdle, pelvic, 79-80 
Glaisher, 205 
Gland [s], 238-40 

— adrenal, see Adrenal gland 

— and body proportions, 63 ff. 

— Bartholin's, 59.5 

— Cowper's, 588, 500 

— digestive, 23S-9, 245 ff., 255, 

257 

™ endocrine, 239. 354, 355 ff., 
* 357. , , 


Glands, endorrine ami svx Kl.md 
007 

-- extrefmT. .tVi 

— fitrrnatifiti, 21 , 

' g.uUri* , _ , 

Ivrnph, ‘■vi I vlfind 

— ..'ll. 

— skin. 238 

— sweat, 213. 4?'4 

Gians, 5<)2 

Glass-swjHowiuj:. itt r 
Glasses, 533 

Glassy un^mbraii*'. 2// 

Glia cell-,, .jai 

(dobuliu, ,v>7 
Glottis, 241, 226. 227 

— spasm of, 2i7 
Gluco'.e, no 
Glue, 33 
(ilvcenn, 236 

Glycogeu, no, 240, ,? 4 ,\ 271, 2u.' 

Gni!. evolasliC". of, 529 
Goiilet’crll ,, .i7.i 

Goethe, 35. 64. 91 , 4 ..}. 167, 4;i 
580 

Goitre, 363 

Golgi appuratu'^ ?.n 

— cells. 208 
Gonococcus, 197, 
fionorrhea, my, u,t*i 
Gno efiesh, 103-4, 467 
Gf)rilla, skull of, .Vo 
Grannies, cell. 8. q-io, r; 

Grape sugar. 292 

— molecule, 24a 
Grasp reflex, 424-5 
Gravel, 374 

Graves’s disc^ase, 362-3, 4rti 
Gravies, 302 
Gravitation, 137 
Gravity, 505 

— centre of, 

Greenstirk fradure, 52 
Groove, neural, 40 
Growth, 44-5. 64, 

-- and seasons. 60 
duration of, 4**. t‘6 
Guinea-pigs, femini/o.i, hte, 

Gum, 04 

Gullet, see (Esophagus 
Gjiit, primitive. 19 .u, 22 


H 

Haeckel, Ernst, .n 
1 1 leraatoporphy ri !! , 4 ;>■ 
Iheinoglobin, 172, 173. r.'' 
Haemophilia, 14, 177 
H rernorrhape, bra’u. 420 
1-hemorrhoids. tin 
H-iir[s], 460 , 407. 174 -^ 

— ■ and draught. 4MU 
-™ and honuonis. 4,0 
~ axillary, 470 

— body, 213 
-- brittle, 312 
•— care of, 471-2 
— - colour, 468 

— density, 468-<> 

■— duration of, 470 

— - embiy'onal, 28. 469-70 
-— formation, 22, 25? 

— gland, 467. 468 ‘ 

■— greying of, 46H 

growth of. 469 

— medulla of, 468 

— • muscles of, 203. 467-8 

— nasal, 214, 225 
pubic, 470 

-- root of, 472 

— sensory, and lialauce, 509, 32 

•— strength of, 468, 47? ' 

Hand, 39, 81-2 

— - muscles of, 136, i y; 
Hardening of arteries, 165-7 
Harelip, qi, 92 
Hasler, Thomas, 63 
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Hats, effect upon apparent age. 

" ;57X-3 . 

Haversian system, 48 
Head, muscles of,, 123 
Headache, 416 
Hearing, colds and, 516,, 518 

— mechanism of, 436 
Heart, 139 ff., J47, 220 ; 

— action of, 145-6 

-- and jellyfish , 390, 391 
•— as automobile, 149 
— ~ as engine, 148 

— as pump, 13S, 139 ff. 
attacks, 481 

-- - fonnation of, 23, 25 
-- frog’s, J4S 

— in man and animals, 60 
muscles, sec Cardiac muscles 

— nervous, 154 -5 

— nervous system of, 391 

■“ number of beats of, 146 

— rate of action of, 150 
— • sound of, 153 

— • voluntary control of, 152-3. I 
395 

— wall of, 143-4 

— work done by, 146 
Heat, and taste, 492 

-2 cramps, 347 

perception of, 489 , 

Heatstroke, 347 
— * dangers of, 348 

— prevention of, 348*9 

— symptoms of. 349 

— treatment of, 348 
Hedin, Sven, 128 
Heel-bone, 42, 47 
Height, 66 

Helix of ear, 513 
Helmholtz, 452, 513 
Hepatic vein, 263, 264 
Heredity, 12, 13, 14 
Herrnaphroditism, 609-10 
Hernia, 60 

— inguinal, 152-.?, 133-4 

— strangulated, 134 
Herpes zoster, 398 
Hinge-joint, 55 
Hip-bone, 47 

Hip- joint, 55, 136 
■— tuberculosis of. So 
Hippocrates, 320, 45S 
Hippuric acid, 377 
Histamine, 164 
Histidiii, 476 
Hives, 367 

Hogs, white, and smell, 499 
Holbein, 129, 309 
Holidays, 4S0 
Holmgren, 5S1 

Honnone[sJ, 40, 271, 292, 35.5 ff- 
604, 605 ff . 

—- and hair, 470 

— and plants, 3.57, 5^4 

— corpus luteum, 605, 606-7 

— egg-maturation, 605, 606 

— female, 605 

— follicular, 605, 606 

' — male, 6051 

— ovarian. 601-2 

— pituitary growth, 605 

— pregnancy, 605, 606 
Horn, 465 

Hors-d’oeuvres, 301-2, 303 
Horse, 411 ' ,, 

— and man, limbs compared, 80 

— brain of, 449 
Hottentot, brain of, 449 

— obesity in, 40 
Housemaid’s knee, 56 
Huggins, Miss, 4S9 
Humerus, 79 
Hunger, 331 

-— centre, 331 

Flydrauljc pressure in cjecum, 279 
Hydrocephalus, 181, 419 
Hydrochloric acid, 256, 257-8, 333 
Hydrocyanic acid, 336 


Hydrogen, 2 

— disulphide, 336-7 

— ions, and taste, 493 

— sulphide, 283 
Hydroxide ions and taste, 49.f1 
Hymen, ! 595-6 

Hyperopia. 535 
Hypertension, 104, 1:06, 165 
Hyperthyroidism, 40, 362-3 
Hypertrichosis, 47"^ 
Hypertrophy, cardiac, 167 
Hypnosis, 396. 454 
Hypophysis, see Pituitary 
Hypothyroidism, 363 


Ice Ap:e man, 447 
Identification, 442 
Idiots, brains of. 451 
Illusions, optical, 553 -4. .556, 557. 
56S. 569 ff. 

Images, storing of, 443 
Impotence, 594-5 
Incisors, 99. 243, 244 
Incus, 517 
Index, cephalic, 86 
Indigo, 377 
Indies, 206-7 
Indol, 283 

Inertia, intestinal, 107 
Infantile paralysis, 401-2, 410 
Influenza, 194 
Infraction, 52 

Infundibulum, 597. 598, 600 
Infusion, intravenous, 289 
Inguinal rings, 133 
Inhalation, in smoking, 337 
Inhibitions, 425 

— alcohol and, 342 
Inhibitory fibres, 341 
Insomnia, 456 
Instincts, 413-14 
Insulation, 39 

Insulin, 267, 269, 271, 292 
— ■ treatment, 457 
Intellect, and brain size, 449 

— and skull shape, 87 
Intermaxilla, 91 
Interstitial cells, 356 
Intestinal canal, 20-x, 272 

folds, 276-7, 278 

— wall, 275 
Intestine, 20, 273 ff. 

— after death, 392, 394 

— and earthworm, 394-2, 393 

— and lymph system, 170, 171 

— blood vessels of. 280 

— chemistry of, 28a 

“ digestion in, 279. 281 
“ large, 235, 273 ff.. 277 
“ length of, 273, 274 

— movements of, 107 

— nervous system of. 391-2 

— small, 235, 256, 273 ff., 276 
Intonation centre, 442 
Intoxication tests, 33S 
Invagination, 26 

Iodine, 40, 359-65, 366 
■— and anger, 360 

— in body, 360-1 

— odourless, 500 
Ions, 310, 491 
Iris. 533, 538, 543 
Iron, 4, 8, 176 

— and hceraoglobin, 175 

— content of foods, 176 
Irradiation, 551, 553-4 
Island of brain , 418, 419 
Islands of pancreas, 269* 271, 292 
Ivory, of tooth, 94, 97 


J acobsen, 502 
Jaundice, 266, 268, 329 
Java man, 447. 44S 


Jaw, and brain, proportions of 
93 

— lower. 92, 93 

— muscles of, 125 

— use of, by animals, .59, ya 
Jeffries, Benjamin, 581 

Jeii\' of wiiarton, 32 
Jellyfish, and heart, 390, 391 
equilibrium in, 505. ,50't 
Joint cavity, 54 
Joints, 45, 53-4 
“ false, 53 
“ origin of, 53 

— types of, 54-5 

— vertebral, 71 
Judgments and vision, 578 
Juice, pancreatic, 40, 270-1 


Kant, 454 
Kefir, 242 
Keller, Helen, 489 
Kestrel, eye of, 527 
Kidney [s], 35, 288, 369 ff*. 
373. 375 

— and .salt, 310 

— and tonsillitis, 372 

— contracted, 166, 372 

— disease in, 372-3 

— floating, 60, 369 

— middle, 354 
Kiss, nose, 503 

Kissing, racial attitude to, 503 
Knee-bend, 81 
Knee-cap, .see Patella 
Knee-joint, 55, 80-r 
Knock-out, 164 


Labia majora, 595 

— minora, 595 
Labour pains, *ioS 
Labyrinth, go-i 
Lachnanthes, 499 
Lactalbumin, 307 

Lacteals, 170 * 

Lactic add, 113, 596 
Lactification, 267 
Lactofiavin, 328 
l.actoglobulin, 307 
Lamellar corpuscles, 4S9 
Lamina cribrosa, 88 
Lamprey, 277 
Language centre, 4.10 
Languages, learning, 437 
Lanugo, 28 
Laryngitis, 219 

Larynx, 45, 2,13, 221, 226, 227 fl. 
23e_ 

— i'ood_ in, 248 
Lead poisoning, 372 
Learning, 152, 45<v-o, 442 
Leather, 462 
Lecithin, 31 f 
Left-han<leiluess, 129 
Legs, 68, 79 ff. 

— asymmetry of, 127 

— growth of', 64 
I.eguminous plants. 202-3 
Lemons, 29H, 318 
Lenin, brain oL .1;j2 
Lens, 526, 531 ff. 

elasticity of, 5.:2 
l.eprosy, 404 
Lessing, 337 
Leucine, 377 

Leucocytes, 171, 17?, 176, 477, 

185.7 

IJfe, origin of, 3 

— conservation, prospects of, 617 
Lift, motion in, 509, 

Light, and shade, 57i> 

— " effects of, on .skin, 476 ff 

— hormeme, 477-8 

— sickness, 478 

— speed of reaction to, 385 
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Light starvation, 481 
~ wave-lengths, 578 
~ when liarinful, 478' 

Limbs, formation ol, 23 

Lipase, 270 

i.ips, and speecii, 231 

— and touch, 486 
Liqueurs, 306, 340 

Liver, 21, 40, I75» 235, 263 ff-. 
292 

— and aicohol, 265 
™ and emotions, 26S 
-- and fluids. 288 

cells of, 263. 265, 379 

— cones, 262, 263 

— passive congestion of, 265 
-- structure of, 263-4 

— wounds, 263 
Llama, 172 

Lobar pneumonia, 197 
Lobe, parietal, 41S 
Lobes„ frontal, SS, 400, 424. 

447 

— occipital, 4iS 

Lobster, equilibrium of, 505-6 
Lumbar puncture, iSi 
Lumen, 20, 256 
Lung, artificial, 401-2 
Lungs, 60, 172, 220, 221 ff. 

— inflammation of. 219 
Lupus, 310 

Luschan, Felix von, 63, O7 
Lymph, 170-1, iSo ff. 

— cochlear, 504 

— glands, 171, 183, 184, 1S9 

— nodes, 182, 1S4 

— of ear, 507 ff., 524 

— sj'stem, 30 

— vessels, iSo, 1S1-2, 184 

— — of intestine. 280 

M 

M. and B. 693, 197 

Macallum, i6q 

Machnow, 63, liij 

Magnesium, 169, 1.75 

Male, bodily development of, 608 

Malformations, 28 

Malleus, 517 

. Malt sugar, 240, 242, 247 
Mammary gland, see Breast 
Mandible, 92 
Manganese, 4 

— in food, 314 

Maoris, nose kiss among, 503 
Marathon race, 340 
Marrow, see Bone-rnarrow 
Masculinization, 613 
Massage, 35, 115, 47S-9 
Mastoid cavity, 514 
Match, lighting of, 291 
Materials, light and dark, 350 
Maturation, 12 
Maxilla, gi 

Maxillarji^ sinus, go, 91 
Measles, 394, 196 
Meat broth, 34, 

— diet, 316-17 

— extract, see Bouillon 

— toughness of, 34 
"Meconium, 284, 308, 470 

Mediums and swallowing, 252 
Medulla oblongata, 162, 3O4, 404-7. 

M-9. 417 
Medusa, 391, 505 
Megalomania, 426 
Meibomian follicles, 529 
Melanin, 476 
Membrane, nuclear, q-u 

— of brain, see Cerebral mem- 

branes 

Memory blindness, 435 

— centre, auditory, 437 
optical, 434 

— - wizards, 437 
Meninges. 414, 4 i 8"T9 
Meningitis, 199, 4^6 
Meningococci, 397 
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Menopause, 612, 613 

Menstruation, 603 
Menu, 303:'2 
Mercaptan, 501 4 
Mercury vapour lamps, 325 
Mesentery, 274. 277 
Mesocephaly, 86. 

Mesoderm, 19 
Mesonephros, 354 
Metabolic centres, 289 
Metabolism, 287 ff, 

— fat, 286, 291-2 

— protein, 292 
■— sugar, 292 

— water, 287, 2^9 

Methane, 2S3 . 

Micrococcus ure<B, 3/6 
Microscope, 4-6 

— electron, 1-2 , . 

Middle ear, inflammation of, 514 
Migraine, 160, 217 

Milk, 6, 236, 240 ^ ^ 

— as food for adults, 308 
— as food for children, 366-7 

— bacilli and, 191 

— calcium in, 311 

— centrifugation of, 300 

— digestion of, 258 

— duct, 239 

— human and cow’s, 307 

— products, 300 

— salts in, 307-8 

— teeth, 98 , 100 
Mimic musculature, 12^7 
Minerals in food, 309 ft. 

Miner’s beat elbow, 56 
Mitosis, 9/ It. 12-13 
Mitral valve, 142 
Mobius, 449 

Molars, 98, 99/ 243, 244 
Molecules, 2, 233-4, 238, 240 
Mommsen, 451 
Monthly period, 602, 603 
Moorhen, eye of, 527 
Morphine, 333, 429, 43i“3 

— and eye, 541 
Morula, 18, 26 
Mosaic disease, 194-5 
Mosquito, 26 

Motion, and equilibralory appara- 
tus, 510, 512-11 

Motor ■ and muscle . compaivd. 
ing-io, 11/ 

— centre, 113, 424, 42O, 428 

— tracts, 400, 405 
Mouches volanlcs, 537, 540 
Moulds, 5. 6. 197 

1 — in cheese, 197 

Mountain sickness, 208 
Mouth, digestion in, 242, 243 ff. 
Movement, voluntary and involun- 
tary, 113 ' 

Mucin, 275 
Mucous tissue, 32 
Mucous membranes, 275 

— and alcohol, 340 

— and vitamin A, 320 

— olfactory, 498 

— uterine, 602 
Mucus, nasal, 88, 216, 217 

— vaginal, 596 

Musclefs], as fluid reservoir, 288 
— cells, 102, 108 

— contraction, 394 

— flexor and extensor, 123 

— number of, 108 

— oxygen and, no 

— sense, 119-20 

— — blind and, 120 

— shapes of, 108 

— smooth, rod, 107-8 

— stomach, 253 

■— striated, 108. 109 

— structure, J02 
Musculature, 102 if. 

— alcohol. and, 340 

— formation 'of, 20. 21, 30 
. — intestinal, 275-6 


Musculature 'O,!: aklomen.' .LI-*''!' ■ 

— . of arm, "i'37' ■ ■ ' ' 

— of t.ltwk. t-j 

— of ear, i-;6, -UV 
■—of mi'. >>/. 

of bail, iii 
-- of haiei ? i.'iV 
- m 1 lii'rld, l.-.> 

— • )<'•' if? < 1.' 

ot (! i'' » < 

-■• i/f inuik, i 

Mii'-.k. animal, V't--'- v.: 
dfcr, 37- 

MyasthfUiia ri,i\i . V>\ 

Mviiin, 

Myopia, j.b, >1^ 

Myxo-iloina, 363 

N 

Nails, biittk', 312 

Nsspoleon, 64 
Kar<otici.s', 319, 42'9 
-™ aU'ohf.l a',. 3,19 
Nasal tai itv . a* 1 
-- Lhambern, 

--- tlUa, ai { 

— cunchao 214 Ji'i'-lM 

— niaiada'-,, f/,i 

-- tnib.ii.st''", -'ie, 4'.; '■* 
Near-sightfdne-,.-, 51*1 
Near vi-iou, 

NVtk, vfti'its id bl» w iUf, i6,| 

— in man, {>0 

— - ciefo, 28 

— must 1»< of. i.b 6 

— of giraffe, yjf 

—■ of tooth, OL v'f 
Ni'edle, inj* 1 fit'O, 4*0' 

Nerve[sl, ^98 49*? 

— acmistu:, 412 

— uiui imoa.k-,, H2 
-- auditory, 

— cardiar. i-jo-t 
cells, i79, i-W 

, — ■ ourrenta,' jri 
. — .fibre, .|Li 

— irupuke, of .182 

— - mi.xed, 39*1 

-- eye. 54*1*, i 'tdL 966 

— of qh-; 

— f.pik', 4k2. 43 L 
vagus, i!,i, J,8 
vasoinotfti, <0-;, loi " 

Nervous synirm. 3*** Lu ff- 

— abdominal d 

— and fudoerinr KbiU'i , jy; 

"" and food, 4,U 

— (entra!, ,iu; li. 

-- disi'.-iw.>, 3u" 

— in esnhrvn \'u 

— suniigid ami, i,”; 

— - s\mi>at}ie;u , 30.' ti 
Neuroglia, 3M 
Nenro!n.r, .Mt 
Nrurons. lU. 3“-:' 9 

— ronnei ling, 3KM, 3% 

— cortical, 38 L 

— internum j.il, r-u 
•— liuitor, 

-- -.-egmentais , <uu 
sen-'Oty, - 

— types Vtf, ■ 387-8r , 

NeurosN. 217 

-- tardiae, 15 i 
-- vasnilar, Um 
Newton, pSu 

, Nk-otine,,At6. 337. .fIL ,344 ^ 

efftrt ut, oji e‘, e, 341 

-- on system, /{i 
Nkotiuie mid, ,?4i. 31“ 

Ki,ght liiindtuss, jiS au 5;i,i j 
Niss! granuk'-. 

Nitrates, 2U2-3 
Kitroigen. 2oi tf, 

ami bat teiia, 202 3 
' cycle, "202-3 ' 

Nodes, lymph, see Lymph nodes 



INDEX 


629 


Norton, < ft{., r-oo 
No-o. 11 > II. 

™ ac-.thotif vnlnc of, 50,.; 

- and food, 

dfii'N and manV, f oinparod, 
4 <-W '■■■■■ 
df , and ‘nnoU, 
kiss. .,n,i 
Nin Icohnn^, M 
Niu Icoltis, iS 
Nut !i‘o})iotf in. 5.S0 
Nm Ifiis, I )citnrh'a, 407 

■ dontalf', 40,4 

— ' (‘}iM tronic, z 

tti full, 7. d 

fd nci'Vf I (‘ 11 , ^-iSn 
Nutrition and rdzn, by 
Ntitiititnial lo-i-f'’-., .>(j>S"(j 
' • valuf'-^, .^fpi 
N,' ( talopia, ;)54 

O 

Ohushy, .-58, .{fi 

■ an«i » har.n U r, 4 r 
1 >( f ipita! loliC, ;tV 

< )f f upatjonal 383-7 

U' ular fluid, •j.iS 
OdfMij' ( arnuri, 3111 
OdfiMr«;, and foofl, 24^ 

■ hiiint, 5()j 
ntlicinnl, 5<H 
flovvcx\-, 30 J 

— kinds of, 301 

— putrf'scnnt, 301 

— rracfion to. ‘-pncfl of, 383 

- spit V, 301 

™' tunarity ftf, 
rKdetna, angionourfilit', 478 
(Ksophagtw, 20, 250-1 

— rnttst i<‘s of, io5'7 

- spU'on of. iiifi 
(HU. 2U, .13(1 

volatile, and .'.rnell. .}()'} 
Olfactory (ells, 421, /.’i 
(ortex. 421, .p.? 

■ — lobe, 400 

-ert'-e, training of, 
rt/‘-o Smell 
' - slimnii, 407 
— ' sy.sfem, 80 
tMtviirv body, 407 
Olive, 407 

'Olvsnpie gariK's, 340 
{ Operations, intestinal, 30.0 
Opium, ./jp, 43 I "3 
Op'-onins, 2S9 
tiplie udls, 433 

— t'in'asina, j/h) 

-- diik, 3‘17 

n<'r\e. \i2, 43,3, 542 
Optical iilu'-dori'., .vi-/, 55b, 55 /’. 
30 V, 3f)t) ti. 
meinor\ , 434 
Oral (avity, fjo 
Orang-nnlanK. lirain of, 451 
Orbital (ULvilv, 30, 00 

< trhit-,. eledronif , 2 
Organ sydeins, jn, 31-2 
Oiganism, 3 

O- ntf.phore- , .-iOf 
O-Hjnotir lut'-^sure, 4 
0‘'si( los, .oiditorN , 30/, 514, 3/0, 
a (7. .do 

< Ksilb alifu), 43“.{ 

( Kte( (blast.-, 45 

( !''-fen< ia-f.s. 43 

(Ktiries, 38, 3S3, 307, bon, doj 
Overlont'. 22t) 

Ovidn< t, //, 3.V.’, 5S3, a;7, 508 
Ovum, 12. 17 ff., .3'''.’. if. 

Ox, eve of. .53 r 
Oxalic mid, 377 
Oxidation. 204, 2(,a-2, 2f)3 343 
Oxygen, I3ft-4n. ..vm 204 If.. 2235 

— and mitisclt'.s, tin 

— (.onsnmption, 41 

— fulunrlessness od, 500 
Ozf.ne, odour of, 500 


. p- 

Pain, and sympathetic system, 395 
—• causes of, 483-4 
phantom, 431 

— sensation, speed of, 383 

— spots, 484 

— value of, 403 
Palate, 91, 248 

— arched, 2.14 
Ihdatine bone, 91 
Paling, .S£?e’.Blanching 
Palmitic acid, 236 

Pancreas, 2.1, 40, 207, 26(), 270 ff. 

— islands of, sdg, 271, 292, 334, 

3.55-6 

Pancreatic amylase, 270 

— juice, 40, 270-1 
Papilla;, 463 

— circurnvallate, 491 

— ot tongue, 49, 244 
Papillary musd(:;s, 143 
Para-ca'^ein, 258 
Paralysis, agitans, 412 

— by curare, 112 

— infantile, 401-2 
— * pupillary, 542 

Paramecium, 195 
Parasites, 6 

Parasympathetic colls, 3d3 
Parathormoni;, 359 
Parath.M'oids, 334. 356, 359 
Paresis, 425 
J'’arietal c^’c, 334, 355 

— lobe, 41 iS 

Parotid glands, 245, 246 
Patella, Kt 

Patellar reflex, 398-9, 4<‘^~ 

Pavlov, 40 
Pellagra, 328 

Pellagra-preventive factor, 328 
Pelvic bowl, 7b 

— girdle, 79-80 

— ligaments. 33 
Pelvis. 68, 77-8 

— renal, 372 
Penicilli, 185 
Penicillin, 197-9 
Penicillinm album, 197 

— glaucum, 197 
notatum, jgo, 198 

Penis, 58.5, 592 
fVppermint, 501 
Pepsin, 256-8, 266 
Peptones, 236, 258 
Perception, primarj', 412-13 
J-Vrforafion of eardrtim, 5^5 
Pericardium, 144-5, Ob 
JVrichondrium, 54' .56 
Period, monthly, 602, 603 
Periosteum, dental, st’c Root- 
sheath 

Peripheral idienomenon, 552 
Peristaltic waves, 25J, 2,34, 275. 
276, 278 

Peritoneum, 32. ^45. 274 

[‘erriicions anaunia, 174 
Personal equrdion, 383 
Perspective, 574 
Perspiration, stv Sweat 
Petechifc, 322 
I’etroiis Ixme, 87; So 
Ptiagorytes, 185, 189, 272, 477 
f'hennl, 283, 312 
I’hospimnis, in body, 311 

— in milk, 308, 31 1 

Photophobia, 476 
Physiognomy, 127 . 

Physo^tigmin, 395 

i’ia mater, 41.4, .//d 
Piano and ear compared, 518 ft'., 
■ 520-r 

]‘ig, 273, 492 : 

l^igment, albinos and, 476 
and sense of smells 49‘8-9 

— blood, are HiTm<.tg!obin 

— layer, of eye, 538 

— of eye, 542. 55 (H 553 

— of skin, 366 


Pigtail, strength of, 468 
Pineal gland. 35/, 3.55. 357'9. 4^7 
Pitch of sound, 221:) 

PithecanthropU',, .147, 

Pituitary, anterior lobt of, 367 ., 

— chiasm a, 400 

— giants, 63, 67 

— gland, 63-4, 87, 355, 357, 36-/ 

36S, 417 
Pituitrin, .368 
Pivot- joint, 55 
Plague, .196 
Plankton, 203 
I'lantar reflex, 424 
INants, nutrition of, 233 
Platelets, blood, 176, 177 
Jdato, 342, 43 r, 584 
IMeura, 145, 222 
Plexus, carotid, i()4, 392 

— solar, 164, 392 
Pneumococcus, my 
Pneumonia, J97, m.8, njo, 248, 2.-41 

— lobar, 197 

Pnggendorf phennmenem, 573 
Poisons, 333 

and kidney's, 37.1 
— • effects ot, j 94 
Poliomyelitis, 0)4 
Polypeptides, tad(; of, 493 
Ponio.s, Sh(‘tland, O7 
Porphyrin, 478 
Portal vein. 263, 20; 

Posterior lobe, of pituitary, 36S 
Posture, and spinal curvature, 7.5 

— erect, of man. 5') 

— — disadvantages, 60 

— of ape, 59 
Potassium, 169 

— cyanide, 312 

— — in loods, 313 
— Ibiocyanite, 312 

Potato, 303 

— calcinm in, 311, 3/3 

-- nutritional value of, 295 

— vitamin (' content, 324 
Pot-belly, 325 

P-P factor, 328 
Precentral convolution, 426 
Prc'gnancy, 597, dfxi-f 

— extra -uterine, 599 

— inlra -abdominal; 399 

— fe^ts, 606 
— Inbal, 600 

Premolars, 9'j, 243 
JhX'^l^-opia, 535 
Pre'-'sure, lines of, .t6 

— alniosplierir, uml walking, 136 

— osmotic. 

— sense of, 48!) 

Primitive art, .574 
I'ritmim oriens, 143 
Pri riling, 405 
Pri-ins, 563-4 
fVo}ai»«e of uterus, 60 
Proportions of bod},’. 6r ff. 

— of child, 62-.'„ es 

— facial, 62 
Prfi-tat(9 .585, 3,88, vju 
Proteiri'N'l, 201, 233. 234, 231* 

— and raw fi)od«i. 3!-’t 
— - energy kiSs ba. 209 

— human, fm’tnat'f.n of, 2(ej 

— m< taboli- m, 2*12 

— — - and fever, jy; 

— - minimum, .'94 

-- molecule, dige-riun of, 

— qnalitv, 297 
Protoplasm. 3, 4, 7. j 10 
li-eudarthro'us. 5^ 

P-ittacosis, IU4 
P-vdiotechnics, ^<3 
Ptosis ot stiffuroh, 6a 
Piyalin, 2/2, 247 
Puberty, 64 

f*U('rperal fevr-r. {97. 199 
Pulp, ot tooth, oj, 96 
PuImu 14S-9 

— feeling, 231 
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630 

Pulse rate, 154 
Punctuin saliens, I4(ji 
Pupil, 304, 541 ff. 

— contraction of, 106, 540 
Pupillary paralysis, 542 
Purkinje cells, 40S 
Purple, visual, 552 

Pus, 187 
Putrefaction, 257 
~ in large intestine, 282-3 
Pyloric sphincter, 255 
Pylorus, 253-6 
Pyramidal cells, 421 

— tracts, 400 
Pyridine in tobacco, 336 


Q 

e uadrupedy man as, 137 
iiinine, 429, 431-3 

R 

Rabbits, and buckwheat, 478 
— and smell, 497 
Rabies, 194 
Radial artery, 149 
Radiation, and senses, 482 
— cell and, 8 
— skin ami, 473 
— &6e also Sunlight 
Radius, 79, 81 

Rats, rejuvenation in, 614, 615 
Raw food, 315*6 
Reaction, stimulus and, 388-g 
— speed of, 383-5 
RecapituIa.tion, 25-6 
Receptor cells, 379 , 

Recognition, 442-3 
Rectum, 274, 285 
Red nucleus, 117 
Redness of skin, 476 
Reducing, 40 
Reflection, 445 
Reflex, 217, 389. 402 
— arc, 398 

■— patellar, 398-9, 402 
Rejuvenation, 614-15 
Relaxation, muscular, 117 
Rennin, 256, 258 
Resonance, 483 
Resonating spaces, 229 
Resonators, 483 
Respiration, 222-3 
— mechanism of, 224 
Respiratory apparatus, 213 
— centre, 213. 225 
— chambers, 221, 223 
Rest, 115-16 
— of heart, 146 
— periods, in work, 385 
Reticular substance, 405 
Retina, 538, 542 ff., 544. 54^ 

— bipartite nature of, 550 
— cortical, 433 
Rhinoceros, white, 409 
Rhoipboid fossa, J04-5 
Riboflavin, 321, 328 
Ribs, 23, 68, 76-7 
^ — of ape. 76 
Rice, polished, 321 
Rickets, 50, 318, 324-5 

— • treatment, 327 

^ight-handedness, 127 
Rigor mortis, 04 
Rods of eye, 542, 547 if., $48 
Root nodules, 202-3 
Root, of tooth, 04, 95, 96 
— canal, 94, 96 
— sheath, 94, 95 
Rotarj^ joint. 55 

Rowing and chest development; 
77 

Rubber clothing, 352 
Ruffling of hair, 103-4 
Rufus' of Ephesus, 346 
Rupture, 60 

— of eardrum, 515, 517 


Sacmm, 69 

Saddle-shaped joint, 55 
Salads, 303, J05 
Saliva, 245-6, 287 
— composition of, 246*7 
Salivary glands. 244-5 
Salivation, mechanism of, 249 
Salmon, 411 
Salt, 2 


— as wages, 309 

— carnivores and, 309 
~ god, 309 

— in blood, 169 

— in food, 309-10 

— iodized, 365 

Salt-free diet, effects of, 310 
Salts, in milk, 307/ .^‘^V 

— in protoplasm, 4 
Salvarsar, 314 
Sauerwem, 452 
Savoy, cretinism in, 364 
Scales, fish, 95. 96 
Scapula, 137 

Scarlet fever, 196-7 
Scars, 166 

Schopenhauer, 431, 454 
Scoliosis, 74-5 

Scopoi amine, 542 
Screw membrane, 46S, 475 
Scrotum, 585-6 
Scurvy, 298, 318 

— infantile, 322-3 


— sea, 322 

Sea, as source of life, 169 
Sea-water, 309 
Seal, 273 
Seances, 252 
Seasickness, 510-11 

— remedies, 511 
Sebaceous glands, 22, 23, X03 

— of eye, 529 
Second wind, 114 
Secretin. 259-60 
Secretion, internal, 355, 35^ 
Segmentation, rhythmic, 275 
Segments of nervous system, 398 
Sella turcica, 87, 8g 

Semen, 587. 594 

— ejaculation of. 593 
Semicircular canals, 508-10, 5?d 
Semi-lunar valves, 143 
Seminal ducts, 585-7 

— fluid, 587 

— vesicles, 50 f> 

— — secretion of. 587-8 
Semmiferoustlnbu’es. 586 

Sense, organs, k'nds of, 483, 4S4 
Sensitization, 478 
Scnporj'’area, 426 ff. 

— buds, 491 

— cells, 379, 388 

— fibres, 119-20 


— organs, 30 

— tracts, 403, 40s 
Serolhorapy. 457 
Serum, therapeutic, 196 
Sex, and brain, 4.53 

— and chromosomes, 13-14 

— canal, 584 

— cells, 14-15, 582 ff. 

— characteristics, secondary, 

607-8 

— determination, 13-14 

— differences, 7, 8 

— dual nature of, 608-9 

— glands, 63, 64-6, 357, 587 

— ■— and age, 605, 614, 615 

— — hormones of, 605 ff. 

— linkage, 14 

— organs, general plan, 5S4 

— — female, 595 ff., 596-9 
male, 5pr 

— transformation, 612-13 

— uncertainty, 610 
Sharks, teeth of, 98 
Sheep, 27.3, 411 




Shki-lM’UJo, 50 
Shiitgie'-, j(« 

Shivering, 105, 341 
Sitc.ck, i02 4 
Shouidcr, 

— girdle, 79 C><> 

Sigh!, uuHfi.iUiHrn oi 4m, 134, 

5 ! 9 . ,,i 
Si\' ifi'ii \ i ion 

Sigmoid ih'xiiSf, 

Sileme, /om of, 490 

Sili< a 

Silver hromid.e, S ''7 
■” ( hrom.’Ue, j'Sy 
Sino anrit ular m-d'-, ly) 

Sinii'i, fronlal,_oo 
SiuHsi's ot luain. 416. 417 
SiuH.sili'., .Jib 
Skiitoi, 283 
Skeletal ?o 

Skeleton, 43, 70 
" - arrliifei fnre of, (ui.. 
form.'siiot!, .’o ,!2 
male .tnd h fmdo. 77 
Skin, 22, /oo, jOj IL 
•— at'ifl rout nf. 473 

— and ime-'-ago .y/S 9 
area, {fu 

— tan* of. 

tomple.sif^ of. ;0/ 

— greii'-'V toat r,f, 471^ 

— pigment, 30(1 

— radiation and .r;,-, ft, 

-™ refine-s of, 

— - regeneration i.f, 4f/ji 
•■*' riilges f*{, 4f»2’3. 464 

sfrncttire, 4<»2 

wekiti of, 4bi ■ 

Skull,. 68, Xif 

— at I'lirt'h, '85 
••*“ base of. H7 

— deformafion, 89 
developrncirrt , »f.| 

— joint tif, /} 

— sUerigdi of Vi 

— structnre.., .8,.f If. ■ . . 

'types, : 8 f> ' , 

Sleep, amoniif Jieedfd, 451 
-- brain and br>ilv, 453^4 
..CMit're,' 453 
Sleeplessness, 456 

Sleepy su'kjMS'^, .153 
Sniallpttx, joj. lob 

— and light , 47H 
Smegma. :,o2 
Smell, 497 ff. 

— a mixed si'nialiorh yti 

— and fade. 301, 

*— bees. ami, ,10’?: 

..... fheju'dn ).f, 

— ffjid« and 30! 

-- diagufi-i'.. bv, 502 

fatigue, yn " 
physics ol. 499 
Smoking. 3311 

— and aflremdln, 338, 342 
Snail, 425 
Sniffing. 400 
Snapfsl, 2,H. 3H 

— stoob. 40 
-- use of, .jfe;, //jp 

Sodium, 160 
Softening of water, .ur 
Solar ple.xHs. 39i 
Solidity and dislaftce, 563 
Solution, 2,54 
^ — pressHie, 4 
Somnamiuil 'un. .pit 
Sound, how formed, 22S 

— mcnu>ry, 440 

— speed of mu tion to, 

— waves, 228 
Soups, 3<»2, 3 fh' 

Spme, dimensions of, 50 

ptTcepiion, 574 
..Spasm,. m 6 rr 
Specialization, lack of, in mas, 317 
Spectacles, 535, 536 
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Spt'trlj, 231 

. - .'Unl 0 i 

I3i. H*’ ’ 

- - fii'.v<'lopn's**ii1 <>!. 

- U'amuiK. 4-V“ 
SjMiiui'' !. 

-■ l AIial, 'y!)i} 

.r!l. 370. 

Spennati! -.oi* 

StH-rniln, r^/ 

sihirri* al ab.'naiin! 
SjibiTniil s'-'/ 

Sphin<t‘'5' ot ins, 
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.(, ti. 
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• jnbsfii , J.x\ 

Spinal iina‘stlif-.ia, .l,')''' 0 
^ j.xnrri'^cs, 75 
‘'piufsl (ftluinn, 

rnliUi^ai to liofly, 0^1 

Spinal cfsul, p. .V/. 30/ ' > 

• ■- uii;i“stlit'>iu nt, 4:)'^ 

— (if. 300 

— ol, 300-4‘;** 

’Spine, enrvatun; 01, 

Spireme, 11 

^>lcen, iH.v.a, i'U 
Splinter, 3o7 

Sprain. .S*’;? , 

Spr.ng suKncn^. 3~3 
Sprue. 174 ^ 

Stalling istill, 134-5 
Stapis, 5*7, 524 

Staphylocmrci. p )'5 

4aMVraint"'..ris’: 4«, ,,, 

stawtion. tirao r.-quirc-d for, 33d 
Siatocysts, 5<>5 
Stature, average, (p 
Stearic acid, 230 
Steatnpygy. 40* 4^ 

Sleinach, ()I2. ^^4 
Sterility, .W) 

Sternum, 70 
Stimulants, anj, 33-|! 

Stimulation, alcohouc, 34 
SitaSte. and rcachnn, 3^^-) 

.Po 

s;;nmln&-and bladder. 
320, ^4 
■fi Faces, 


Sutures, cranial. S7 , 
Swallowing, 248. 4‘>/ 

and speaking, 24»'9 
— • upsidc’down, 251 

Sweat, .344. 474 
-- glaruts, 213, 472 

— fnrmation of, 22, 2,> 

Sweets, 303 

Swit^f-diHiVl.’ iodine in, 350 . 

Sword-swallowing, 2.51 

Svni.nolry.. r' ".SSf «stm 

Sympathetic and vagus 
relations between, 

— cells, 303 

— nerve, J3t 
system, 1x3 

. and sensation, 395 
Synapses, 387 
Synovial fluid, a4. o' 
Syringomyelia, 4<H. 

Systole, 145 
S/.ilagyi, 4.52 


.? p..’ 


Stools, see 
Strsttospberc, 206-7^ 

Streptococci, 103, xgs 
-- hannolytic, t07 
Streptomycin, kh} 

Stroke, , 

Strychnine poisoning. 40.1 
Sublingual fold, 

— glands. 245. "•’■// 

Submaxillary 
Successive contrast .5:)0 
SngarFsl. 

in protoplasm, 4 

— metabolism, 2()2 
Sulphadiazine. m? 

Sniphanilamulc, 107 
Sulphapvridine, 197 
Sulphathiazore, ro? 

■ Sulphur, m bod^ . 3*' X2 

-— metabolism of, 3x2, $U 

— odourless. 50U T-ivdru- 

, SiilphntcUrrt Uydrogcn.srr H^dro 

gen sulphide 

Sulphuric acid, 3* 2 
Sun-baths, 479. 

^ Sunburn, 324 . 

— and skin, 402, 4/0 
SimliBhl, and toitrr.a, 

- effects on skm, 47^ h. 

— nervous system and, 4// 

• ‘ — starvation, 325^ 

Sunstroke, 34/ 

— prevention, 347 
. Suppuration. nS7 

, — of middle ear, 4Xh 


T cells, 408 

= f;S!'i&v,.mrnts of, 4^7 

‘ (liffercntialion V>y. 4^^'/ 

— see also Touch 
Tagiichi. 450 
Tahra Bey, 

Tail, rudimenta^', 29 
Talent, and brain, 45'> 

—. olfactory, 5^'^ 

Tanning, 476 
Tarsus, 83 
Tartar, dental, 246-7 

Taste, and smell, 494 

— buds, 231. 49X. 492 

— chang(;s of, 493 

— cbemistr^’ ot, 493 

constituents of, 493-4 

— experiments m, 49'» 

— physics of, 492 

— pits, 4(^2 

— xones, 490. 493 
Taurin, 312 
Taurochol, 3x2 
Tea, 336 
Tear[sl,530 

— canals, 53°. 5 .j 4 
-ducts, 5.50 

— gland, 218, 530. 53-h 

— sac, 534 ^ 

Tectorial membrane, 5*3 
Teeth. Q4. 9.5 «• 

— and food, 243 

— ranine, 09, 243. -4-/ 

— diet and, 06 

— diseases of, mo-i 

— irregular, 10 1 

— replacement of. 9» 

— structure cd, 95-6 

— varieties of, 9o-9 

— wisdom, xoo ^ 

Telescope and cye,^ 54' 
Television, 405. 433. , 

Temperament p 

Temperature, body , 204, j4c> 

— centre,. 543 

— corpuscles. 213 

— curve, 345-6 

— flaily variation of. 343 ^ 

— lowering, by drugs, 433 

— measuring, 345 
_ of blood. 344 

— of body fluids, TOO 
Temporal bone, 506 

— cortex , 436 

— lobe, 400, 4X^> 

Tcndonfsl. m, 122 

— of heart, 145 

— sheaths, no. *22 

Tension, muscular, n>4 
Testicles, 585-6, 500 „ ^ 

1 Tests, occupational, 3o5'/ 


Tetanus, 199. 4f2 

— bacillus. i(/i 

— phy'siological, i iu 

Tetany,. 359^. 

Thalami, optic, 434 
Thales, 309 
Thermometer, 345 
Thick-set type. 64 . 

Thigh-bone, 42, 48. 5.^. 6b. i3'» 
Thirst. 331 

— centre, .331 

— quenchers, 30* 

Thoracic duel, J7*, 

Thorax. 68, 7.5-6 ^ 

Thought, speed of, ob* 

'i'hroat, dry, 33i 

— sore., 199. 219 

^llromScvte 

Thrust-lines, 46, , «,> 

Thumb, opposition of, 82 
Thymus, 63-4. -cW. 356 7» 30). i 

Thyroid, 40. 63. 5.W. 356, 3->3 3 

— cartilage, 22d, 227 

— colloid of, 362 
Thyroxin, 362 

Tibia. 79 ,0, 

Tickling sensation, 4^4 

Ftoo''anrh..man body, IM-.fl 
Tissandicr, 205 
Tissues, 3X _ - rr 
Tobacco, 306, tt- 

— heavy and miiu, 33/ 

Tolstoy, 35. X28 

Tone, muscle, xi6-x7 
Tones, colour, .579 
Tongue, 28, 49«. 491-3 

— and food, 243-4 

— and speech, 230, 231 

— black. .328 . 

taste buds m, 49x 

l^nsifliris! a?fd 
Tonsils, 182, 354 

;£SS;;S: 

— — sunlight arid, 477 

— of blood vessels, 102 

— of stomach, 254 
Tooth, prxlp of. 94/ 96 

- wall of, 


— wuii 'j*i 97 
Toothache, 97 
Touch, 463 ft- 

— • blind and, 48? 

— fingertips and, 487 

— geniuses. 4»7 

— sense, 484 

?oS»bkanc4,1?^crand,.b, 

196 

Trachea, see Windpipe 
Training, muscular, 121-2 

— of reflexes, 425 

— of sympathetic system. 39a 
Transfusion, blood, 179. 2by 
Triceps, 123, 

Tricuspid valve, 142 
Trigeminal nerve, 397 

TnlXmo^te 

Truss, T34 
Trypsin, 270 
Tub bathing. 479 
Tubefsl, bronchial, 220, 222-3 
— Eustachian, 5X4. 5X5. 

— integumentary, 20 , 21 

— intestinal. 20, 23 

— neural, 20, 21, 22 
Tubcri'le bacillus, X94. 4/7 

Tuberculosis. 199 . 

Tubules, collecting. 3^/*. 374 2 

Turbinates, nasal, 4<)/-8. -xo 
Turkish saddle, 8/ 

Turkomans, 3x2 
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Twilight contrast, 536-7 
Tw’itch, muscular, 116 
Tympanic membrane, 514 
Tyndall, 502 
Typhoid, 196 

— bacillus, 194 
Ty rosin, 476 

' V' 

Ugoliwo, Count, 333 
Ulcers, 165 

: intestinal, 179 
Ulna, 79, 81 
Ultra-violet lamps, 327 

— rays. 324-5, 327, 4^^^ 

Umbilical cord, 32 
Understanding, 442 
Ungulates, 487 
Uranium, 2 

Urea, 376 

— in sweat, 473 
Ureter, 107, 369, 372 
Urethra, 375. 587. 588, 590, 593 
Urethral orifice, 595 

Uric acid, 377 

Urinary bladder, 374-5, 5<?o 

— canal, 371 

— filter, 369 
Urine, 376, J77 

bacteria in, 376-7 

— colour of, 376 

— preparation of, 371-2 

— testing, 372 
Urinoraeter, 376 
Urobilin, 376 
Urochrome, 376 
Uterine contractions, 599 
Uterus, 585, 596 G.fSee also Womb 

— - muscles of, 108 

— prolapse of, 60 
Uvula, 248, 250, 515 


Vacuoles, protein, 8 
Vagina, 5^2, 585, 596-7 
Vagus cells, 303 

— nerve, 151, J7l 393 
Valves of heart, 141, 142 
Van Hoorne, 158 
Varicose veins, 60, 161 
Vasa vasonim, 157 
Vascular neurosis, 160 

— spasm, rod 

Vasomotor nerves, 161-2, 163 
Vegetables at meals, 303 
Vegetarian diet, 316 

— peoples, intestines of, 273 
Vein, wall of, 159 

Veins, 140, 161 
Ventricle, 141-2, 143 
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' INDEX 

Vermiform appendix, see 
Appendix 

Vertebrae, 47, 54, 69 ff. 

— formation of, 22, 24 

— groups of, 69 ■ 

Vertebral column, 21, 22. 69 It. 
Vertigo, 510 

Vibrios, igi 

Villi, 21, 22 ^ 

— intestinal, 272, 27S, 280, 282 
Violin, 229 

Viruses, 2 , 193-5 

Viscera, pain sensations of, 395 

Vision, 433 ff- 

— binocular, 560, 5^^ 

— day and night, 551 

— distant, 532 

— monocular, 561-2 

— plastic, 563 

— psychology of, 569 ff. 

— single and double, 5O4 

— upside-down, 577-8 

— see also Sight 
Visual angle, 545 

— cells, 421, 423 

— cortex, 421, 423 

— purple, 318 
Vitamin [sj, 318 ff, 

— study of, 329 

— A, 318-21, 553 

— — deficiency, 320 

— B complex, 321 

deficiency, 321-2 

~ C, 322, 323 

— — deficiency, 322 

— — in potato, 324 

— 0,324,477 

— — - excess, 327 

— — in pregnancy, 325-7 
--K, 327-8 

— G, 328 

— H, 328-9 

— K, 329 

— P, 329 

— T, 328 
Vitrepiis body, 537 

Vocal cords, 221, 226, 227-9 

— false, 229 
Voice, 230-1 

— “breaking” of, 228 

— varieties of, 228 
Von Baer, K. E., 29 
Von Bfilow^ H., 452 
Vowels and consonants, 230-1 

■■V W 

Walking, machinery of, 124, 134-5 
Wall, arterial, 159 / 163 

— of heart, 143-4 

— of tooth, 97 ^ ^ ^ ^ ^ ^ 






Wall nf vein, f 
Walitul, hiasn ua jf.y 
W.Ttch. romparison wsth p- 

i 

Water, 2 
, cetitic;, 2-88 n 
-- hard an<! .-adf, pn 
in laah , 799. !, f« 
in j’ofal, 309, 

— mctaljfdi’iHi. 2'/. 

-- 7)71 the hrajjs, 4'U 

--- proptirthus in , ,'f*' 

-- swallnwiug. 2-t2 
-- vapfiur. in air, 2!r 

Wax giamK of ear, 553,, 
W'(‘ight, <if hotly, 

— - — ■ regulation of. 

“time needid to 

307, mS 
t'stimattng, 567 
-- of brain, ,(467 
Whale, 446 

— ta-te-hu<U of, 491 2 
Wharton, jelly of. 32 
Wheat-germ oil, .528 
Whc’at grain, 317 
Whey-pr7)t(‘in. 258 
Will and seasit kne^H. 557 
Window membrane^.. 524 
Windpipe, 45, sn. 
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Wisdom teeth. 100 
Woman, Iwdily devt''«.p!.ien 
Wotnb, 582, 597-8, 6mi r 
-- see also uterus 
Wood, 457 
Woodall, John, 318 
Wool, ?s;, 31 i 
W'ord'formalion, 442'' 

Word memory,. 4j;-4o 
Worms, 172 

Worry and digest b.n, 261 ■ ; 
Wound[sj, 187-9 
sepsis, 

Wrist, 55. 79 

Writing centre, 4,17 
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Xerophthalmia, ,yo 


Yeast, 242, 321, 3.0 


“ Zenith,” baiboii, 105, 20^^ 
Zinc rhloriik*, 377 
Ziska, 462 
Zola, 502 
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